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SUMMARY 
For h i s to r ians or other social scien t i s t s  who s e  d a t a  i s  
avai l ab l e  i n  d i scr e te (nomina l - or ordina l - l evel ) form, recen t ly 
developed "log-l inear" mul t ivaria te s ta t i s t ica l tech n iques offer 
considerable adv antages ov er commonsens ica l devices and are  in many 
respects superior to such mul t ivaria t e  me thods  as mu l t ip l e  
c l a s s i f ic a t i on analy s i s ,  weigh ted  l e a s t -squares, and l og i t .  
Reana lyz ing Thern s trom' s Boston d a t a  o n  geograph ic mob i l i t y. we 
exp l a i n  the ideas  beh ind and the procedur es  of log - l inear ana l y s i s  
exp l ici t ly ,  s te p-by- s t e p .  Int ended f o r  peop l e  who are  a lready 
somewha t f am i l ia r  w ith R t a t is t ics (say , through mul t i p l e  reg r e s s ion ) , 
the paper is s e l f -con t ained and a s  s imp l e  as we could  make i t .  Af t e r  
r eading i t  careful ly , o n e  shou l d  be  wel l  prepared t o  per form such an 
analy s i s  hims e l f .  Sub s t an t iv e ly. w e  ske tch a s impl e  economic model 
which points to  age a s  an impor tant de t erminant of the decis ion to 
move or s t ay, and our result s  ca s t  doubt on Thern s trom's t en t a t iv e ly 
of fer ed no tion of a "f loa t ing pro l e tari a t . "  
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Suppo s e  a r e s e a rche r h a s  inform a tion on sev e r al a t tribut e s  of 
a co l l e c tion of individual s ,  and t h a t  the da t a  he h a s  is  avail ab l e  
only in qua lita tiv e ( synonyms are  c a t e go rica l ,  disc r e t e ,  poly tomous ,  
o r  ordinal- or nominal- level ) ,  a s  oppo sed t o  quantit a tive ( continuous
o r  int erval-lev e l )  form. Fo r in s t ance , imagine that his informa tion
is about y e s  or no vot e s ,  occup a tiona l c l a s se s ,  or age group s ,  but 
none is  in the form o f ,  say , the do l l ar amount s  of prop e r ty held ( no t  
broken i n t o  c a t e gorie s )  o r  the l ength of r e sidenc e ,  i n  month s or 
year s ,  a t  a pa r ticul ar location . Then he migh t  con s t ru c t  t ab l e s ,  such 
as Tab l e  1 ,  which show how many peop l e  hav e  each se t of t r ai t s  -- for 
exampl e ,  how many young ,  unski l l e d ,  chil d l e s s  men in a samp l e  were  
• An curlier version o f  this paper was presented  at  the  Social
Sci ence His t ory Associa tion convention in 1 981 . We wish to th ank 
S tanl ey Enger01 an, Dougl as Hibbs , Philip Hof fman, Co lin Lof ti n ,  Dou gl as 
Rivers , S tcvhan Thcrns trom , Quang Vuong , Sal ly Ward and especia l ly 
Robe r t  McCaa for commen t s  on various i t e r a tion s  of the piece, 
Kousser' s  r e s e a rch wa s partial ly suppo r t e d  by gran t  R0-20225-82 from 
the Na tiona l Endowment for the lhunani tie s ,  We take repon sibil ity for 
al l remai ning error s. 
found i n  both the Bost on census schedul e in 1 880 and the c i ty 
d i r e ctory in 1 890. When there i s  v e ry l itt l e  informat i on ava i l ab l e ,  
say ,  data on o nly two o r  three v a r i ab l e s ,  commons e n s i c a l  methods of 
analy s i s  m ay suff ice . But what shoul d one do whe n  one is confronted 
by such monst e r s  a s  the e i ghty-c e l l e d  "four-way" Tabl e  1 ?  
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The c o nvent ional h i storical  answer to th i s  que st i on h a s  b e e n  
t o  comb i ne the categor i e s  ( o r ,  to put it another w ay ,  t o  col l ap s e  the 
tab l e )  into what are c a l l e d  "marg inal tab l e s , "  re l at i n g  two or p e rhaps 
three v ariabl e s ,  as i n  the pane l s  in Tab l e  5 ,  b e l ow. Whi l e  thi s  i s  
use ful and often i nformativ e ,  the practice may hide informat ion which 
is avai l ab l e  in the ful l table, Fortunat e l y ,  in the pa st f i fte e n  
y e a r s  stat i st i c i a n s  have deve l oped new methods for sque e z ing many more 
conclus i on s  out of such tab l e s ,  H i st or i ans have made too l ittl e use 
of the new te chnique s ,  gene r a l ly denom i nated " l og-l ine ar cont inge ncy 
tab l e  analy s i s , "  probably because the initial art i c l e s  and books 
exp l a i ning  them wer e  somewhat ob scurely phrased  a nd were not e a s ily 
acce s s i b l e  to those who l acked fai rly adv anced st at i st ical  training , 
Now that there are s imp l e r  text s on the market and several comput e r  
prog r ams  avai l ab l e ,  it i s  time that many more h i st or i a n s  t ook 
advant a g e  of them. 
Th i s  paper is i ntended t o  prov ide both an i ntuitive and a 
pract i c a l  mathemat ical  unde r standing of the log- line ar te chnique , 
demonstr ate it s use fulness by re exam i n i ng an important hist or ica l 
top i c ,  and,  by mak i ng every st ep in the devel opment and app l icat i on of 
the techni que exp l icit, using the notati on now coLtmon i n  the 
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l ite r atur e ,  encourage and prepare h i st or i an s  to make use of log-l ine a r  
ana l y s i s  as wel l  as  t o  b e  ab l e  t o  go on to more advanced tr eatment s i n  
stat i st ics  text s . Those who de s i re a b r i e f  overv i ew of the subj e ct 
may w i s h  to save s e ct i on III , in which we l ay out the al gebra  step by 
st ep,  for a s e c ond r e a d i ng , whi l e  those al re ady fam il iar w ith or 
indiffer e nt to l og-l ine ar methods may wish to s kip s e ct i ons II-V. We 
w i l l  al so attempt to show how social  s c i e nt i f ic the ory c a n  help to 
guide data analy s i s  and shal l emph a s i z e  a h itherto often ove r l ooke d 
facet of a much-stud i e d  h i st or i c a l  prob l em ,  Thus , we hope to b l end 
subst a nt iv e  w ith methodol og i c a l  po i nt s .  Writt e n  at a fai rly 
el ementary level and s e l f-conta i ne d ,  the pape r a s sume s o nly th at one 
h a s  a speaking a cqua i nt a nce w ith such st at i st ic a l  concept s as Ch i­
Square te st s  and r e g re s s i on analy s i s ,  
I .  HISTO RICAL MOBILITY STUDIES 
B e fore b e g i nn i ng the stat i st i cal d i s cus s i on ,  let us b r i e fly 
introduce the  subst a nt iv e prob l em with which we sh a l l  be conce rned 
throughout th i s  art i c l e .  Dur i ng the p a st two de cade s ,  many h i st o r i a n s  
have i nv e st igated g e o g r aphic a n d  social  mob il ity in n i nete enth-ce ntury 
Ameri can c itie s ,  Aimed p r imarily at systemat i c a l ly de s c r ib ing the 
characte r i st i cs of indiv idual s which were a s so c i ated w ith change s in 
r e s i dence and i n  occupat ional or social rank , the i r  work s have rel ate d  
both type s of mob il ity to such var i ab l e s  a s  a g e , occupat i on,  fam ily 
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soci al st a tus , proper ty holding s ,  e t hnic origin s ,  and gene ra ti on of 
residence in Ameri c a , 1 Drawing on such p reviously unexp l oi t e d  sourco s  
a s  fede r a l  and s t a te manuscript census e s ,  ci ty dire c t ori e s ,  and t ax 
a s se s smen t  rol l s ,  the "new social hi s t ori an s "  have a t t r acted a good 
de al  of a t tention by t aking advan t a ge of the chance these source s 
offer t o  st udy the l ive s of l arge numbe r s  of individual s who have 
previously el uded the view of hi st orian s .  
Ye t the se schol ar s h ave f ai l ed t o  make u s e  o f  the avail able 
s t a ti s tical  me thods and soci a l  scient ific theory as  fully as they have 
r an sacked the sourc e s .  More spe cifical ly,  they have gene r a l ly rel a ted 
only two or three v ari ables to each othe r ,  thereby in e f f e c t  a s suming 
t h a t  the numerous "independen t  v ari abl e s "  in their mobili ty ana lyse s 
were un corre l ated with each othe r; their impl ici t s t a ti st i c a l  mode l s ,  
fur th e rmore ,  gene r a l ly as sum e ,  wi thou t  te stin g ,  that  the rel a tionship s 
they seek are  l inear. By focusing on the di f ferent corre l a t e s  of 
mobi lity only one or two at a time ,  they have gene r al ly s e t tled for 
mere de scription ,  instead of conf ronting di rectly the prob lem of 
bui l ding a cohe sive exp l anation. And their an alyse s h ave been l e s s  
wel l inf ormed b y  social scientific theory , p a r ticul arly economic 
theory , than they might have b e en .  We sh al l i l l us t r a t e  how the se 
problem s migh t have been large ly obvia ted by reanaly zing d a t a  on 
geographic mobility ga t hered by S tephan Thern s t r om for his s t udy The 
O t her Bos t onian s ,  which trace s individua l s  f rom the 1 8 8 0  fede r al 
manuscrip t census t o  the 1890 city dire c t ori e s  of Bos ton and i t s  
suburbs . 2 
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From Thern s trom' s da t a  se t ,  we have chosen three  fac t or s  which 
all pl ausibly bore on the 1 880 Bost onian's de cision t o  move or s t ay :  
family s t a t us ,  which we wil l c a l l  " S " ,  and which we cut int o  two 
group s -- the first , sin g l e  or married but chi l dle s s ,  and the se cond , 
married with chil dren; occup a ti on,  or "O , "  which we br oke int o  five 
c l a s se s  -- high whi te col l ar ,  l ow whi te col l a r ,  ski l l e d ,  unski l l e d ,  
and unempl oyed; and a ge ,  o r  "A," which we c u t  in t o  four s e t s  - - 1 4-20 , 
2 0-3 0 ,  3 1-60 , and over 60 , 3 The num b e r  of pe ople in the s ample with
each s e t  of t r ai ts in both 1 880 and 1 890 is di spl ayed in the four 
p an e l s  of Tab le 1 ,  Since it is probabl e  tha t some of those who were 
not  l i s ted in t he 1 890 dir e c t ory wer e  simply overl ook e d  by the 
canv a s se r s  but were  stil l p re sent in the B o s t on are a ,  we wil l 
here a f t e r  refer t o  the divi sion of the s ampl e a s  those who w e re 
"found" and "not found" rather than a s  " s t ayer s "  and "mov e r s "  or 
"per si sters" and "nonpe r si s t e r s" , 4 We wil l l ab e l  the vari a b l e  "M" . 
The rel a tionship of migr a ti on with occup a tion p l ay s  a l arge  
r ole in Thern s t r om ' s  expl an a ti on,  t h a t  wi th age i s  s t r e s s e d  in the 
e c onomics li t e r a ture , and t h a t  with chil dren taps t h e  notion that 
familial re spon sibi l i tie s con st r ain . We al so initi a l ly inc l uded 
mea sure s of homeowne r ship , the numbe r  of  gene r a tions  a man had been in 
America , and e thnici ty in order to  a t tempt  to mea sure some of the 
e f fe c t s , re spec tivel y ,  of different level s of t r an sa c tions  c o s t s  
involved i n  the de ci sion t o  mov e ,  roote dn e s s ,  an d a po s sible high 
de g ree  of empl oymen t di scrimina tion (e spe ci a l ly again s t  the Irish) in 
Bos t on. But t h e s e  three vari able s were ei ther so cl o s e ly rel a ted t o  
age , occupa t i on, and f am ily st a tus  or had so l i t t l e  impa ct that they 
did not add much to our expl ana t ion. In the int e r e s t  of s impl ifying 
the d i s cu s s i on, therefor e ,  we have l e ft  them ou t of the analys i s  
pr esent e d  here . 
(TABLE 1 about her e )  
I I .  SIMPLE MANIPULATIONS OF TABLES 
Defore b e g inn i ng the analys i s ,  we ne e d  t o  def ine a few t e rm s  
and e st a b l i sh some approp r i a t e  convention s .  T o  i den t i fy each ce l l  i n  
a tab l e ,  l e t  u s  r e f e r  t o  e a ch b y  a s e t  o f  subs c r ipt s ,  b e g inning w i th 
ttltt or , more gene r al l y ,  w ith " i" and proce eding by int e g e r s  or 
al phabe t i c a l ly a s  l ong as we ne e d  them.  Thu s ,  the c e l ls in Tab l e  1 
are ident i f ied by four l e t t e r s  or int e ge r s .  He re  and th roughou t  th i s  
pape r ,  the v ar i ab l e s  w il l  b e  con sidered  i n  the order M ,  A ,  S ,  0, For 
in st ance , the entry in tlie b o t t om right- hand corne r in Tab l e  1 is 
referred to as the ( 2 ,  4 ,  2 ,  5 )  c e l l ,  or that in which the value of M 
is arb i tr arily cal l ed "2" the v alue of A is t e rmed 4 ,  the vnlue of S 
is 2 ,  and the value of 0 is 5 .  Sub s t ant ively, the cel l represe nts the 
numbe r of peop l e  present in 1 880 who were not f ound in 1 890 and who 
had been age d  61 or ol de r ,  had ch i l dren,  and w e r e  unemp l oyed in 1 880 .  
W e  wil l refer t o  the actual cel l en t r ies by smal l f' s ,  and w e  wil l  
sub scr ipt them by numbers or by i ,  j ,  k ,  e t c .  For examp l e ,  f242 5 = 5. 
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Estima t es of the c e l l entr i e s ,  ob t a ined by procedu r e s  t o  be def ine d 
l a t e r ,  w i l l  be de s i gna t e d  by c a pi tal F ' s ,  When we sum across al l 
valu e s  of a v a r i a b l e  -- for exampl e ,  when we add the pe opl e in a l l  age 
ca tegories toge th e r ,  bu t preserve our knowl edge of the i r  occup a t i ons,  
fam ily s t a tus e s ,  and whe ther or  not  they were  found in 1 890 -- we w i l l  
repl ace t h e  r e l e v ant subscr ipt w i th a "plus . "  Summin g  a c r o s s  age 
whi l e  hol ding the other var i ab l e s  a t  l evel s i,  k ,  and 1 wou l d  thus be 
no ted a s  f i+kl.
One can often d i scover a good deal about the rel a t i onships in  
a tab l e  by perform ing qu i te s impl e ope r at i ons  on it .  Since  several  of 
the se oper a t i on s  are  directly r e l a t e d  to the l og-l ine ar te chniqu e s  on 
which we w il l  focu s ,  a d i s cu s s i on of commonsensical  me thods w i l l  l ead 
natural ly int o the expl ana t i on of these more formal me thod s .  The 
f i rst s t e p  that almost anyone w ou l d  t ake a f t e r  perus ing Tab l e  1 wou l d  
be to  f orm percent a g e s  from i t ,  and the f i rst o f  several p o ss i b l e  
percent a g e s  t o  cal  cu l ate  wou l d  be t h e  percentage " found" w i th in e a ch 
age ( su b s c r ip t e d  by j ) , fam ily ( k ) , and occup a t i onal (1) g r ouping , 
Usin g  the c e l l  entry no t a t i on dev e l oped abov e ,  t h i s  percentage wou l d  
be : 
( 1 )  
For inst ance , the pe rcentage " found" among 1 ow whi te col l ar c h i l d l es s  
men aged b e tween 14 and 20 is 51 / ( 51 + 2 8 )  = 65% , 
(TAIJLE 2 abou t here ) 
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Tabl es of percen t a ges often reveal mor e st rikin g rel ati onships 
than Tab l e  2 d oes . Whereas f or the chi l dl ess , rel ati onships b e tw e en 
age and being found are  ne arly monot onic and a r e  posi tive f or the tw o 
higher occupa ti on a l  c l asses an d n e g a tive for the three l ower c l asses , 
the re l ationships f or men with chil dren are much more mixed across 
cl ass and age , Looking a t  the " t o t a l "  or "margin a l "  rows an d columns , 
it is c l e a r  that chi l d l ess men in their twen ti es and unskil l ed m en 
regardless of age w e r e  espe cial ly like ly not t o  be foun d in the 1 890 
ci ty di rectory , bu t that the percen t a ge  " foun d "  among the high w hi t e  
col l ar and ski l l e d  and unski l l ed worke r cl asses depen ded cruci a l ly on 
f amily s t a tus in 1 880 . Tab l e  2 thus su ggests that  the three 
inde penden t v ariab l es int er a c t e d  with e ach other to produ c e  a p a t t e rn 
t oo comp l e x  t o  be de code d with simpl e  percen t a ges and l in e ar 
assumpti ons, 
Bu t of course there are other ways t o  compute  per cen t a ges from 
the raw d a t a ,  and they may be more rev e alin g .  Tab l es 3 and 4 are 
c a l cu l ated by first summin g across M an d then dividing e a ch en try by 
the row margina l  ( t ot a l )  for Tab l e  3,  or the co lumn margina l  for Tabl e  
4 .  In the c e l l  en try not a ti on int r odu c e d  abov e ,  the equ a ti ons are: 
( 2 )  Tabl e  3 en try 
and 
(3) Tab l e 4 e ntry= f+ j kl / f+ +kl' 
Tab l e  3 reveals tha t  42 percent of mal es a g e d  14-20 in 1 880 were 
un empl oyed, that among those with chil dren ,  the unski l l e d  made up a 
strikin gly smal l er percen t a g e  of those abov e thirty than of those 
un der thirty years o l d ,  that the r e l a ti onship b e tw e en age and the 
percen t a g e  w ho were in the highest occupation a l  cl ass w as 
un ambiguous ly monotonic and posi tiv e ,  whi l e  that be twe en age and t h e  
percen t age i n  t h e  l ow whi te col l ar cl ass was n e g a tiv e ,  bu t w e a k .  
Tab l e  4 demonstr ates that  i n  every c l ass f a th e rs t en de d t o  be middl e­
aged,  and t h a t  in a l l  bu t one cl ass , the sin g l e  and chi l d l ess w e r e  
most like ly to be i n  their twenties .  The moda l age c a t e gory for t h e  
chi l dl ess unempl oyed w as the t e en a g e  one. The pe rcen t a ges i n  these 
tab l es thus give us some sense of the in terre l a ti onships among the 
independent v ariab l es .  
( TABLES 3 an d 4 about h e r e )  
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Another way t o  try to make sense of complex t a b l es is t o  
col l aps e them int o  biv ari a t e  displ ays , which is w h a t  hist orians who 
l ac k  kn ow ledge of mul tiv ari a t e  te chniques gen e r al ly do . The pane ls in 
Tab l e  5 show the six bivari a t e  t ab l es which c an be dr awn from Tabl e  1 .  
A convenien t w ay t o  r e f e r  t o  them is t o  en c l os e  the symbols for the 
v ariables in cu r l e d  b r a cke ts .  Thus the shorthand f or pan e l  A of Tab l e  
5 is (MO), for pane l B ,  [MAJ, and so on , For anyone w h o  has had the 
most e l emen t a ry s t a tistics course , t11e immedi a t e  reflex a c tion upon 
confronting such t ab l es is to compu t e  Chi-Squares ,  and we have done 
so, finding such hig h  values in e ach panel  th a t  every t ab l e  con tains a 
significant r e l a ti onship a t  the conven ti on a l  0,05 l eve l . 
1 0  
(TABLE 5 about her e )  
I n  f act , the refl ex in this c a se is quite de sirable,  for th e 
Chi- Squar e  distribution can be empl oyed t o  ac complish much more 
sophisticated purpo se s than its u s ua l  cookbook use sug ge st s .  Tho Chi­
Squares compute� in Table 5 test whether th e two v ari ab les in a pane l 
are "independent . "  Consider pane l C ,  If M and S were independent in a 
statisti c a l  sense , then the v a l ue of each cel l  woul d be purely a 
pr oduct of the rel ev ant margina l s .  For instance , the t op l e ft cel l 
would be equal to 790 X 1113 I 1724 = 5 1 0 .  Tho oth e r  entries in pane l 
C woul d be 602 , inst e a d  of 625; 2 80 , instead of 302 ; and 33 1 ,  instead 
of 3 09 .  As app l i e d  here, then, the so-c a l led "Pe ar son Chi- Squa re" 
st atistic e na b l e s  one to compare the  ob s e rved data  to a criterion, 
that i s ,  the Chi- Square di stributi on, in order to determine w hether 
the mode l of indepe ndence between the two v ariables fit s the data wel l 
or not, It s formul a  suggest s its natur e quite c l e arly: 
( 4 )  P e arson Chi- Square 
where 
[ indi c a t e s  a summation over al l the values for two variable s ,
the sm a l l  f ' s refer to the cel l  entries actual ly observed , and the 
l ar ge F ' s ,  to the frequencies expected under the independence model 
in thi s c a se ,  the v al ues 5 1 0 ,  602 , 2 80 ,  and 3 1 0 ,  respectively . But 
since independence is not the only pos sible mode l ,  we can substitute 
for these p a rti cul ar  F ' s  predi ctions gener ated by any mode l which we 
can spe c i fy mathematical ly. This i s  one of the keys t o  log-line a r  
1 1  
analy s i s .  
A fina l simple but instructive permut ation o f  Tab l e  1 i s  shown 
in Tabl e  6. There, we have cal cu l ated the probability of being f ound 
divided by that of not being found f or each cel l  in Tabl e  1 .  That i s ,  
instead of using Equation ( 1 ) , we have c a l cul ated the entrie s  b y  using 
the fol lowing: 
( 5 )  Odds of being found 
The "odds" , familiar from hor se racing , is simply the r atio of the 
number found to the number not foun d .  Now , to m ake heads or t ai l s  of 
the probabiliti e s  in Tabl e  6 ,  we must compare  the ce l l s  to each other,  
and one natur a l  way of  doing s o  i s  t o  divide the entry in one cel l  by 
that in anothe r ,  o r ,  to put it another way , to form an "odds r ati o . " 
For exampl e ,  for s kil l e d  worke r s  betw e e n  3 1  and 60 , the odds of being 
f ound rose from 1 . 1 0  to 2 . 47  if they hod chil dren in 1 880 ,  producing 
an odds ratio of 2 , 2 5; whe r e a s ,  the ana l ogous odds r atio for high 
white col l ar men w a s  ( 3 . 2 4  I 3 . 50)  = 0 , 93 , 
( TABLE 6 about her e )  
To move beyond these commonsensi c a l  ope r ations t o  ful ly 
multivariate meth ods , we need to devel op way s  of speci fying , 
e stimating , and choosing between dif ferent model s . 5 The s e  mode l s ,  of 
which the independence model that form s the b a si s  of the traditiona l 
Chi-Square te st i s  the most fumil iar,  wil l yie l d  various e stimat e s  of 
the c e l l entr i e s .  We can then compare di ffer ent s e t s  of predictions 
to the obse rved entr i e s  and f ind one or more which are botJ1 
su f f i c i e ntly cl ose t o  the r e a l i ty of the tab l e and suf f ic i e ntly 
pars imon i ous to  su it our tast e s ,  Becau s e  it i s  the s impl e s t  tab l e  
pres e n t e d  thus f ar ,  l e t  u s  u s e  pane l C o f  Tabl e  5 t o  out l ine the 
te chnique s ,  
The analysis o f  v a r i ance , which i s  often use d  t o  exam ine 
cross- c l ass i f icat i on tab l es ,  su gge st e d  to s t a t is t ic i ans that an 
e quat i on cont a i ning a "gr and mean effect , "  separate  e f fe cts for each 
v a r i ab l e ,  and t e rm s  for the po ss i b l e  interac t i ons betw e e n  var i ab l e s  
wou l d  be a good p l  a c e  to  s t art . Since , as we w il 1 show ,  a 
1 2  
mu l t ipl ica t iv e  ( but no t a l ine ar,  add i t iv e )  e qu a t i on al l ow s  tests for 
the stat ist ical  inde pendence of tw o or more var i abl es ,  we w il l  use an 
e qu a t i on in  mul t ipl ic a t iv e  form to e st ima te  the entr i e s  in  panel C of 
Tabl e  5 :  
( 6 )  
wher e  the lJ ( eta ) is a form of "grand mean e f f e c t " ,  the i;� ( tau ) is
s the e f f e c t  of be ing found or not foun d,  'tk is the effect  of fam il i al  
d � 6 st a tus , an 't ik is the e f f e ct of the int er act i on be tw e e n  M and S .  
But be caus e ,  as the subs c r ipts indicate, equ a t i on ( 6 )  actual ly 
cont a i ns nine ef fect s  and we hav e only four ce l l s  on which t o  base ou r 
es t imates , we have to make add it i onal assumpt i ons i n  order t o  be abl e 
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to est imate anyth ing . 7 More formal ly ,  without add i t i ona l cons t r a i nt s ,
the model  is sa i d  t o  b e  "unde r ident i f i e d . "  Fortun a t e l y ,  the ne ces sary 
a s sumpt i on s  are qu ite natur al . S ince we are  r e a l ly int e r est e d  in the 
effect  of hav ing c h i l dren, for examp l e ,  and not in de t e rm ining 
s e parate  e f f e ct s  f or h av ing a nd not having children,  we as sume that: 
(7) .L MS S' •1 1  't2 
_l_ 
= 
MS 
MS •22 
't21 
The s e  as sump t i ons redu ce the numb e r  of param e t e rs to be 
e st im a t e d  by f iv e ,  pr odu c i ng what is cal l ed a "satu r a t e d" mode l ;  tha t  
is , one cont a i ning a s  m any bas ic  pa ramete r s  to  be est im a t e d  as the re  
are c e l l s ,  and there f or e  hav ing no "de g r e e s  of freedom . "  Fur th e rm or e ,  
i t  i s  c l e a r  f rom equat i on ( 6 )  that  the effect  o f  each tau p a r am e t e r  
may b e  m e a sured a s  a dev iat i on from a value o f  1 .00 , for i f  any tau 
e quals 1 .00 in the mu l t ipl ic a t iv e  form, it h a s  no impa c t  on the value 
of the func t i on .  Note that the tau s ,  unl ike the Pe arsonian
correl a t i on c o e f f i c i ent or su ch fam il iar coe f f ici ents f or cro ss-
c l ass i f ic a t i on t ab l e s  as phi or Yul e ' s Q, do not v ary only betw e e n  
z ero and one o r  m inu s one a n d  plus  one . In f act , t h e  tau s have no 
upper or l ow e r  bounds , 
I I I .  TIIE ALGEBRA OF LOO-LINEAR MODELS 
Equ a t i on ( 6 )  is directly re l a ted to v a r i ou s  odds r at i os formed 
from a sl ightly a l t e r e d  f orm of pane l C of Tab l e  5 ( or ,  more 
14 
gene r a l l y ,  of any table  of coun t s ) , Tab l e  7 t r an sf orm s pane l  C of 
Tab l e  5 int o  p r oport i on s by d iv id ing e ach c e l l en t ry by the tabl e 
total . For in s t ance , 4 8 8  I 1724 = 2 8,3% . 
(TABLE 7 about here ) 
S ince i t  turn s out to be more conv en i en t  to do comput a t i on s  in 
l og a r i thm ic form , we w il l  take na tur al  logar i thm s of both s i d e s  of 
equa t i on ( 6 ) , producing 
( 8 ) log P ik 1 1 
M l S l MS , og n + og 't i+ og 'tk + og 't ik 
h f t · Tab l e  7 •8 w e r e  p ik re er s o an entry in Each of the term s  on the
r i ght hand s i de of equa t i on (8)  c an now be exp r e s s e d  in terms of the 
( 9) 
( 10)  
( 11 )  
( 12) 
1 l og n = i ( l og pl l  + log p 12 + l og p21 + log p22> , 
�M 
=
 
!. log •1 4 ( log p 11 + log p 12 - log p21 - log p22> , 
s log 'tl 
M S  l o g  'tl l 
!. 
4 ( log p11 - log p12 + log p21 - log p22> , 
!. 4 ( log p11 - log p 12 - log p21 + l og p22> • 
Because  of the c on s t r a i n t s  imposed  in ( 7 )  above , the val ues of the tau 
param e t e r s  for other " l ev e l s" ( i.e . , categor i e s )  of the a s s oc i a te d  
v ar i ab l e  can b e  immed i a t e ly der iv e d ,  s ince , f o r  in st ance ( from 
equa t i on 7) , 
( 13 )  .L s 't2 
If we take na t ural  l og s ,  we have 
( 14) 
s and a l l  we have to do t o  g e t  't2 is t o  change the s i gn s  of the p ' s  in
equa t i on ( 11 ) , 
Not i c e  a l s o  that 
( 15 )  l og p11 + log p 12 - log p21 - l og p22 
Pu P12l og ( ( - ) ( ) ) • 
Pzl P22
The quant i ty to the r i g h t  of the l a st equal s s i gn is the l og a r i thm of 
the pro duct of two odds r a t i o s ,  each of which con s i s t s  of the 
proport i on of mal e s  foun d  div ided by the propo r t i on not  f oun d ,  the 
f irst  f ract ion in paren the s e s  be ing f or adul t mal e s  w i thout childr en , 
the second w i th ch il drcn . 9 S ince both fract i on s  m e a sur e p a r t  of the
"ef f e c t" of b e in g  foun d ver sus not  be ing foun d for thi s p a r t i cul ar 
15 
1 6  
tab l e ,  the int e rpreta t i on o f  l og T� a s  t h e  " e f f ect " o f  variabl e  M i s
qui te na t ural, 
Fur therm or e ,  the statem ent that the m iddle quant i ty in 
parenthe s i s  in  equa t ion (15) equa l s  un i ty ,  in which ca se i t s  l og i s  
zero  and the value o f  T�� i s  a l so z er o ,  corresponds t o  t h e  de f ini t i on 
of the sta t i st ical independence b e tw e e n  the tw o variab l e s ,  To s e e  
thi s ,  note that if  any two var iab l e s  i and j a r e  independe n t ,  
( 16 )  
Sub s t i tut ing the se val ue s into t h e  odds ra t i o  i n  ( 12) , w e  have 
( 17 )  
p +l p l +p +2P2+
P+2P1+P+1 P2+
and s ince each of the summed t erm s cance l s  out al gebraica l ly, the odds 
rat i o  shoul d be equal to one when the two variab l e s  are independent . 1 0
It  i s  a l so easy t o  show that if  w e  use equa t i ons  ( 9 )  through 
( 12) to predict  ce l l  propor t i on s ,  the mode l predi c t i ons  in  a sa turated 
model exa c t ly equa l  the ob s e rv e d  p r opor t i on s i n  the or ig inal tab l e . 1 1  
Fr om equa t ions  ( 9 )  through ( 12) , w e  know that 
( 1 8) log pl l  
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Rearranging t e rm s  and taking ant i l og s ,  we have 
( 1 9) 
Cance l l ing t e rm s  al gebra i ca l ly on the r ight hand s i de , we obta i n  
( 20)  
In the sam e manne r ,  the  reader may sa t i sfy him sel f that the  p r ed i c t e d  
or r ight hand s ide propor t i ons  p12 , p21 , and p22 are pre c i se ly equa l
to t h e  ob served o r  l e f t  hand s i de proport i ons .  And when t h e  t w o  sets 
of  propor t i ons  (and the re fore the corre spond ing c e l l  freque nc i e s )  are
equa l ,  the  Pear son Chi-Squa r e  stati s t ic g iv e n  i n  e quat i on (4) i s  z e r o ,  
for then 
( 21 )  ( f - FJ2 0 • 
A Ch i-Square sta t i st i c  can therefor e b e  used  a s  a t e st of the 
independence betw e e n  tw o variab l e s  i n  a l og-l inea r mode l . 
More ov e r ,  if we want to t e st an "un sa turated" mode l -- that 
i s ,  one conta i n ing f ewer par am e t e r s  than ce l l s ,  such a s  equa t i on ( 8 )  
w i th t h e  last t e rm on the r i gh t  hand s i de de l e t e d  -- w e  can s imply se t 
the term or t e rm s  e qual to z ero in the l ogar i thm i c  form or one in the 
mul tip lica tiv e f orm , and use the rema i ning l og odds rat i o s  f rom 
equa t i ons  ( 9) to  ( 1 1 )  t o  e st imate the c e l l  prop or t i ons, To determ ine 
how wel l the new mode l f i t s the or i g i na l  ob s e rva t i on s ,  we can compute 
1 8  
a Chi-Square s t a t i s t ic w i th the re sul ting predicted  c e l l  propor t i on s  
a s  our F ' s ,  
When there are m ore  than two ca t e gor i e s  for a var i ab l e ,  an d/or 
when there are more than two v a r i ab l e s ,  the mode l e s t im a t i on proce dure 
b e com e s  m or e  comp l ex .  Many e s t im a t e s  w hich have the s t a t i st ical ly 
de s i r ab l e  property of b e in g  "maximum l ike l ihood" cann o t  be computed 
f r om "cl o s e d  form" expr e s s i on s ,  Tha t  i s  to  say , whil e one can a lways 
w r i te out such s impl e e xp r e s s i on s  such a s  equa t i on s  ( 9 )  to ( 12) , in 
som e c a se s ,  the re sul t in g  e st imate s w i l l  not be the "be st" which can 
be obt a ine d ,  In the se c a se s ,  fortun a t e ly ,  one can use e i ther  of two 
a l gor i thm s ,  which are c a l l e d  " i t e r a t iv e  propor t i on a l  f i t t ing " or the 
"New ton-Raph son" proce dur e ,  to appr oxim a t e  the F ' s ,  Because the 
p r incipl e s  involved in gene r ating and in t e rpr e t ing the mode l s  remain 
ba s i c a l l y  the s am e  for l ar g e r  tab l e s  as f or 2 X 2 tabl e s ,  and for 
numer i ca l ly approxim a t e d  as f or cl osed f orm e s t im a t e s ,  and because 
comput e r s  can so qui ckly an d a c cur a tely run through the a l gor i thms 
t h a t  a d a t a  analyst need  n o t  r e a l ly unde r s t and those p a r t s  of the 
routine s in order to  in terpr e t  the output , we w il l  not prol on g  the 
pre sent d i s cu s s i on by exp l ic a t in g  these m a t ter s , 1 2  
IV. HIERAR CHY , CONDITIONAL INDEPENDENCE , AND Oll!ER MODELS
Log-line ar mode l s  of the var i e ty with which we are de a l ing a r e  
con s tr uc t e d  ac cording t o  t h e  "hier archy pr inc ipl e . "  Con sider an 
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equa t i on f or a sa tur a t ed m odel sim il ar to  equa t i on ( 8 ) , but inv ol ving 
thr e e ,  rather than two var i abl e s .  For the sake of s impl i c i ty ,  we w il l  
he r e a f t e r  refer t o  the l og o f  tau t e rm s  a s  A. ' s ( l ambda s ) , drop the 
sub script s ,  an d tempor arily a s sum e  that e a ch of the v ar i abl e s  i s  
div ided int o  only two c l a s se s ,  In s t e ad o f  four b a s i c  t e rm s ,  the 
equa t ion for the thre e-var iabl e mode l has e i ght : 
(22)  log P ikl
The hierarchy principle  d i c t a t e s  that one cannot con sider  a mode l 
invol ving only "higher- order" te rm s  w i th out incl ud ing the 
corresponding l ower- order term s .  For examp l e ,  the fol l ow ing mode l s  
are forbidden : 
( 23 )  
( 24)  
( 25 )  
log p ikl 
log p ikl 
A.
MOS ( l e av e s  out seven l ower-order t e rm s )  
M S SO 0 log 11 + A. + A. + A. ( leaves out A. ) • 
It i s ,  however,  p e r f e c t ly proper to propo se 
(26)  log P ikl
because al l the v a r i abl e s  inv olved in the second-order term J..MS a r e  
repre sen t e d  i n  f ir st-order t e rDJ s  i n  t h e  equa t i on. 
2 0  
In soc i al sc i ent i f ic appl ication s ,  the h i e r archy p r incipl e 
usua l ly seems quite natural , for it i s  d i f f icult to see  what sen se one 
woul d m ake of a mode l b a se d  on the cl aim that, say, the int eract i on s  
between M ,  0, and S were s i gn i f icant , but that those between M and O,  
or 0 and S were not , Pos s ibly the r e  are  some s ituati on s  in  which the 
idea that one v ar i ab l e  i s  a soc i a l  catalyst i s  more than a m etaphor , 
but in most in stanc e s  f or which we h ave  enough data to requi re 
multiv ariate m ethods , the p r inc ipl e  of hier archy wil l not p r ec l ude the 
te st ing o f  any mod e l  of int e r e st ,  
In any c a se , the hier archy princ ip l e  enab l e s  us t o  s imp l ify 
notati on .  Her e aft e r ,  in stead  of us ing e quat i on s ,  we w il l  r e f e r  t o  
mode l s  us ing t h e  cur l e d  bracket o r  " f itte d  m a r g in a l s" ru ode of  
exp re s s i on al re ady introduc e d ,  but w e  will  adopt the shorthand m ethod 
of exp l ic itly not ing only the highest order t e rm s  we  w ant t o  put in 
the mode l ,  s ince by the h i e r archy p r incip l e ,  a l l  l ower orde r t e rm s  
involvin g  those v a r i abl e s  must b e  inc l ude d , 13 For examp l e ,  { MS) wil l 
mean the sam e  thing a s  e quat i on ( 26 ) , and (MOS) wil l be equival ent t o  
equati on (22) . 
Log- l in e a r  mode l s  can be con structed so a s  to g ive  
m athemat ical  form to other not i on s  than independence . In  " squar e" 
tab l e s ,  that i s ,  t ab l e s  containing two v a r i ab l e s  w hich have the sam e  
number o f  categor i e s ,  one can t e st for " symmetry ," "quas i- symmetry ," 
and a vari ety of  other int e r e st ing c oncept s ,  several of  which h ave  
been appl ied by s o c i ol og i st s  t o  the st udy of oc cupational mob il ity.
14 
If there are " st r uctu ral zeroe s" in a table of any s ize or shape ---
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for examp l e ,  if one were try in g to determ ine the importance of l e g a l  
imm igrat i on compared t o  that o f  t h e  f ert i l ity o f  the Am er ican-born in 
the growth of var i ous  ethnic group s in Am e r ic a ,  the re  woul d be per iods 
when the imm igrat i on of nativ e s  of  some Asi an countr i e s  or Africa w a s  
prohib ite d b y  law one can e st im ate mode l s  of " qua si- independence" 
which exc l ude the bothe r som e cel l s .  
An even more b a s i c  ide a ,  use ful in analyz in g  any tabl e  w ith 
m ore  than two v ar i ab l e s ,  is that of "conditional  in depen denc e , "  Put 
most s imp l y ,  condition a l  indepen dence means that if we ·control for one 
or more v a r i ab l e s ,  the app arent r e l ati on ship betw e en two or more other 
v a r i ab l e s  d i s appe a r s ,  as  i l lust r at e d  for a hypotheti c a l  three  v ar i ab l e 
c a se in Tab l e  8 .  If  M and S were in f act independent when we toot A 
int o account, then we coul d drop the term s  involving the interact i on 
of M and S from the mode l and st i l l  get a good f it betw e en the 
e st im ated and observed frequenc i e s . 1
5 
The more gene r al po int here i s  
that h i st or i an s ,  who ne arly always have a r ich sense of the 
int e r act i on s  betw e en , for examp l e ,  d i f ferent s ocial  group s in spec i f ic 
h i st orical context s ,  may be able  to formal iz e and t e st a variety of 
o r i g inal  mode l s  using l og - l inear  m ethods , The f l exibil ity of the
techn i que and the multipl icat i on in the numbe r of po s s ib l e mode l s  a s  
the number o f  v ar i ab l e s  grows  -- for examp l e ,  the re  are 1 1 3  d i f f er ent 
one s  in any analy s i s  of the rel at i on ship s  between four v ar i ab les -­
fre e s  h i st o r i an s  to e x e rc i se the i r  imag inat i on ,  rather than being 
c on str aine d ,  a s  they often are  w ith such techn ique s a s  multip l e  
regre s s i on or factor an aly s i s ,  to c on f ine them s e l ve s  to te st ing 
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16  concep t s  l ai d  down by s t a t i st ic i an s  who had other purp o se s in m ind . 
(TABLE 8 about her e) 
In add i t i on t o  the f l ex ib i l i ty they of fer, log- l inear  
technique s have  more de s irable st a t i st ic a l  prope r t i e s  than such l inear  
techn ique s as  r e g r e s s i on w i th dummy var i ab l e s  or mul t ip l e  
c l a s s i f ic a t i on analy s i s  OICA) , and even than w e i gh t e d  l e a st-squa re s ,  
As int roduc tory econom e trics t e x t s  now conv en t i on a l ly warn u s ,  a 
regre s s i on on e i ther cont inuous or d i sc r e t e  v a r i ab l e s  of dependent 
variab l e s  which t ake on only two ( or a sm a l l  numbe r of) value s  
v i ol a tes the a s sumpt i on of "homoske da s t ic i ty" o r  equal v ar i anc e s  of 
the e r r or s .  Al though the r e sul tant e s t im a te s are unb i a s e d ,  the 
e st im a t e d  e r ror s do not have the l e a st p o s s i b l e  v ar i ance ,  and the 
usual s i gn i f icance te s t s  shoul d not be u s e d .  S ince the l og-l in e a r  
mode l h a s  n o  such p r ob l em s ,  and i t s  a s s oc i a t e d  s i gn i f icance t e s t s  are  
accur a t e ,  it  is  to  b e  preferred ov er MCA . 17 
The s t andard solut i on t o  homoske d a s t ic i ty,  we i ghted l e a s t 
squa r e s  -- known a s  GSK or G r i z z le-Starm e r-Koch techn i que s in the c a s e  
o f  d i sc r e t e  v a r i ab l e s  - - el ude s t h i s  d i f f icul ty, b u t  n o t  another
se r i ous one . Unl ike l og-line a r  e st imate s ,  w e i ghted l e a s t  squa r e s  
e s t im a t e s  of  probab il i t i e s  a r e  n o t  con st r ained t o  l i e b e tw e en z ero and 
one . Thus , it  is po s s ib l e  to obt a in e s t im at e s  of , say, the 
probab i l i ty of b e in g  foun d f or m en who have c e r t a in t r a i t s  which are 
greater than one or l e s s  than z er o .  When all th e g r oupe d  observa t i on s  
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are c l u s t e r e d  b e tw e en about 20'fo and 80% on the depen den t v a r i ab l e ,  GSK 
and l og-line a r  techn ique s y i e l d  qui te s im il ar r e s ul t s .  But s ince the 
l og- l inear e s t im a t e s  are alway s  at l e a s t  as good as those from 
w e i ghted r e g r e s s i on and in the c a s e s of many ex trem e  value s ,  the l og­
l ine ar  predic t i on s  are  be t t e r ,  we s e e  no rea son to emp l oy we i gh t e d  
l ea st squa r e s  a t  al l . 1 8
One f inal  concept shou l d  be c l arified  b e f or e  we analyze the 
Bost on mob i l i ty data -- the d i f ference b e tw e en the particul ar genre of 
l og-l inear  m e thods which we  deal w i th in this pape r and " l og i t" 
analy s i s .  To put i t  s imply,  l og i t  anal y s i s  ( which can al so be app l ied 
whe r e  the v ar i ab l e s  are  m e a sured on in t e rval sc a l e s) des i gn a t e s  one 
v ar i ab l e  as dependen t ,  whil e  what we have b e en referring to a s  l og­
l in e a r  analy s i s  t r e a t s  a l l  var i ab l e s  as j ointly dependen t. 1 9  In 
l og i t ,  in s t e a d  of e s t imat ing l og (p ikl) we e s t im a t e  l og 
Cp 111
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which i s  the r a t i o  b e tween,  say , the p r oport i on foun d and the 
propor t i on not foun d ,  The r e l a t i on ship be tw e en the two mode l s  i s  
obv i ously very c l o s e ,  the l og i t  coe f f ic i en t s  a r e  tw ice those o f  the 
r e l e v an t  l ambda s ,  and the r e sul ts u s in g  the two m e thods are gene ral ly 
qui te simi l a r . 2° Choo s ing one over the other is ch iefly a m a t te r  of 
hab i t  or t a st e .  W e  dec i d e d  t o  concen t r ate  on the " l og-l ine a r , " r a ther 
than the l og i t  mode l her e  because the f orm er d i r ec t s  a t t en t i on to the 
r e l a t i on ship s  be twe en the independent v ar i ab l e s ,  which are  too e a s i ly 
overl ooke d in a mul t ip l e  regre s s i on or l o g i t  approach, In the Bost on 
data  se t,  the s e  r e l at i on ships s e em p a r t icul arly impor tan t .  S inc e w e  
a r e  p r im arily conc e rned w ith exp l aining geogr aphic mob i l i ty ,  however,  
we w il l  somewhat l oo s e ly refer to M from t i me to t ime  as the 
"dependen t" var i ab l e  an d the othe r s  a s  " independe n t,tt 
V ,  CHOOSING AMONG LOG-LINEAR IIYPOTIIESES 
Af t e r  al l the prepa r a t i on ,  we are re ady to re turn t o  our 
sub s t an t iv e  examp l e, Using Fay and Goodman ' s  ECl'A ( Everyman ' s  
Con t ingen cy Tabl e  An aly s i s )  program ,  we exam ined the r e l a t i on ships 
b e tween the variab l es in Tab l e  l ,  Av ail ab l e  d i r e c tly from Goodman , 
ECTA i s  s imp l e  and inexpen s iv e  t o  use . 21 Ba s i cal ly,  the analyst
prov ide s a t ab l e  and format inform a t i on about it,  use s the f i t t e d  
margina l s  n o t a t i on t o  spe c i fy mode l s  t o  be e s t im a t e d ,  indica t e s  h i s  
de s i r e d  l evel  o f  c l osen e s s  o f  f i t  for mode l s  which have t o  be 
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approxim a t e d ,  and choo s e s  which s t a t i st i c s  and t ab l e s  h e  wan t s  
p r in t e d .  Al l the s e  commands may b e  s t a t e d  i n  a s  f ew a s  four l ines,  
not inc l ud in g  the  t ab l e,22 Other,  simil ar program s  are  av a i l ab l e  from
other source s .  
In t e rpr e ta t i on of ECTA ' s output shoul d be g in w i th the 
s t andard i z e d  l ambda s e s t imated from the s a tur a t e d  mode l ,  some of which 
are d i sp l ayed for the B o s t on da t a  in Table 9 ,  Stan da r d i z e d  l ambda s 
are s imply the l ambd a s  of equa t i on ( 22) , d e f ined f or the four-variab l e  
ca se ,  div ided by the i r  e s t imated s t andard dev i a t i on s ,  and a r e  
ava i l ab l e  as an op t i on o f  ECTA. 23 Since for l arge samp l e s the 
standardiz ed l ambd a s  are  d i s t r ibuted approx im a tely a s  s t andard n ormal 
2 5  
var i ab l e s ,  any abs o l ute  ( th a t  i s ,  e i th e r  p o s i t iv e  o r  n e g a t iv e )  value 
over about 1 . 64 is s t a t i st i cal ly s i gn if ican t ly d i fferent f rom z e r o  a t  
the 0,05 l evel . Ab solute  value s be l ow 1 .6 4  ind i c a t e  weaker 
rel a t i on s h ip s , 
(TABLE 9 about h e r e )  
The s t andard ized l ambda s a r e  of use i n  de c i ding which of t h e  
m any mode l s  t o  t e st a n d  in de te rm in in g  whe ther c e r t a in c a t e gor i e s  o f  
part icul a r  var i ab l e s  m ay be con sol ida t e d ,  O f  t h e  1 1 9  l ambda e f f ec t s  
and the one e t a  e f f ec t  c a l cul a t e d ,  w e  p r e sen t only the e t a  and t h e  3 1  
l ambd a s  which h a d  s t andardized value s o f  1 . 64  o r  abov e . 2 4  The most
str i king f ac t  about the t ab l e  ( which was of cour s e  imp l ied  by the very 
l arge Chi-Squa r e s  f or pane l s  D through E of Tab l e  5 )  is the s t r on g  
in t e r a c t i on s  among the independent v a r i ab l e s  A,  S ,  and 0 ,  Few men 
und e r  t h i r ty were fathers  ye t ;  few men ove r  thirty wer en' t ( s e e  rows 
1 1-1 4 of Tab l e  9 ) . Men in h i gh white col l ar j ob s  t ende d t o  be m iddl e­
age d ,  whi l e  the unempl oyed t ended t o  be teenage r s  ( s e e  rows 1 7-29 ) . 
The s in g l e-var i ab l e  e ffect s ( row s 2-9 ) s imply r e f l e c t  the une qual 
number of per son s in e ach age  and occup a t i onal  br acke t ,  and the fact 
that more peop l e  were "found" th an were not, The d e a r th of 
s i gn i f icant thre e- and four-var i ab l e  l ambda s (3 out of 80) i s  al so 
important , for it ind i c a t e s that a f a i rly s impl e mode l con t a in ing f ew 
term s of very high orde r s  w il l prob ab ly suf f ice, 
Final ly,  and r e gre t t ab ly ,  i t  mus t be noted  that only one of 
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the 59 int erac t i on terms invol vin g  M ,  tha t  mea suring the r e l a t i on 
b e tw e en age  and b e ing f oun d ,  was  s i gn i f ican t ,  In other word s ,  when 
a l l  the in t e r a c t i on s  b e tw e en v a r i ab l e s  are  t aken in t o  a c coun t ,  none  of 
the independent v ar i ab l e s ,  nor any combina t i on of them , predic t e d  v ery 
wel l whe ther an 1 8 80 Bos t on r e s ident woul d be found in the area in 
1890 . 2 5  It shoul d a l so be noted  t h a t ,  al though Goodman h a s  dev e l op e d
a mea sur e f o r  l og-l inear  ana ly s i s  w hi ch somewhat r e semb l e s  R2 for 
regre s s i on ,  there i s  no in de x for l og i t  or l og - l in e a r  ana ly s i s  which 
has ne a rly so app e a l in g  an intui t iv e  in t e rpr e ta t i on a s  R2 doe s f or 
regr e s s i on or a s  any of the Goodman-Kruskal "prop o r t i on a te error 
reduc t i on" st a t i s t ic s  do f or simp l e  c r o s s-c l a s s i f ica t i on tab l e s ,  26
The principal method f or a s s e s s ing mode l s invol ving d i f f er ent 
s e t s  of independent v a r i ab l e s  is t o  compute Ch i-Square  v a l ue s  
comp a r ing the actual c e l l entr i e s ,  such a s  those in Tab l e  1 ,  to  
entr i e s  e st im a t e d  by us ing a given mode l . 2 7  For th i s  purpo s e ,  the
"Like! ihood Ra t i o  Ch i- Squar e  st a ti st  i c , "  g iv en by 
( 27 )  
i s  more use ful th an t h e  "Pe ar son Ch i-Square" s t a t i s t ic  de f ined in 
equa t i on (4)  above , be cause X:, always g iv e s  at l e a st a s  l ow an
e st imate a s  x! doe s,  and because X:, , but not  x!, can be
"pa r t i t i on e d , "  in a sense which wi l l  be made c l e a r  be low . 2 8  We w i l l 
there fore u s e  x2 her e a fter. L 
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Tab l e  1 0  presen t s  a se r i e s  of X:, val ue s for a l arge sub s e t  ( 3 6
o f  113 ) o f  the po s s ib l e  l og- l in e a r  mode l s  appl ied  t o  Tab l e  1 ,  The 
mode l s ,  al l hier arch i cal , are iden t i f ie d  in the f i t t e d  m a r g inal s 
no t a t i on ,  ( Sub st an t iv e  d i scus s i on of e a ch model w il l  b e  put off un t il 
sec t i on V I . ) Where a s  an an alyst us ing a Clt i-Squar e  t e s t  in the 
tr ad i t i on a l  manner w ishe s t o  f ind a high v alue of x 2 , s ince that 
indic a t e s  that the "nul l mode l "  of  no r e l a t i on ship may b e  rej e c t e d ,  
here ,  w e  w i sh t o  f ind l ow v a l u e s  o f  x2 , b e cause such v a l ue s ind i c a t e
th a t  the p o stul ated mode l yiel ds e s t imat e s  cl ose to  those i n  t h e  t ab l e  
o f  actual ce l l  val ue s ,
( TABLE 1 0  about h e r e )  
N o t e  f i r st t h a t  Model  1 ,  which c o n t a i n s  only the g r and m e an or 
e t a  t e rm an d which the refore exp r e s se s the n o t i on that a l l  c e l l s  have 
an equal propo r t i on of the total numb e r  of indiv idual s ,  f i t s  e x t r emely 
poor ly . By con tr a s t ,  Mode l 1 8 ,  the s a t ur a t e d  mode l ,  f i t s  p e r f e c t l y .  
Thi s  w il l  alway s  be  the c a s e . Why not, then , s t op w ith th i s  compl e t e ,  
and, in a sen se , perfect  mode l ,  accep t t h e  v iew that everything 
a f f e c t s  everything e l s e ,  and be  done w i th i t? The r e a son is that in 
t e s t ing l og - l ine ar mode l s ,  we mus t  s imul t an e ously str ive  for p a r simony 
and compl e tene s s .  Inde e d ,  for h i s tor i an s ,  who have a prof e s s i on a l  
predi l e c t i on for t otal  o r  "ki tchen sink" exp l ana t i on s  -- b e t t e r  to  
incl ude ev ery influen c e ,  however smal l ,  on some outcome than l a ter  to  
be con f r onte d  w i th the cr i t ic i sm that one negl e c t e d  some fac tor 
th i s  emph a s i s  on p a r simony of explan a t i on i s  one of the ch ief  
heur i s t i c  v i r tue s of us ing mul t iv ar i a t e  s t a t i s t i cal me thods , Beyond 
heur i s t i c s , log-linear  analy s i s  and other mul t iv ar i ate  procedur e s  
prov ide s t a t i st ical c r i t e r i a  to  a s s i st u s  in de c i d in g  j us t  whe re  t o  
comprom i se b e tw e en p a r imony and c ompl e t ene s s. 
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None of the models numbered from 1 t o  17 , which represent some 
of the p o s s ible poorly- f i t t ing lower-order hypo the se s ,  com e s  close to 
any r e a s onable s i gn i f ic ance level , In cluded c h i e fly for illu s t r a tive 
purpo se s ,  they may b e  largely d i sreg arded. But b e g inning w i th Model 
1 8 ,  all the sub se quen t model s f i t  the da t a  ade qua tely a t  the 0 . 0 5  
level o f  s i gn i f ican c e , How can one choo se be tween them? There are  
three  w ay s ,  First , one or  more  model s m ight encapsulate  more  c oheren t  
theor i e s ,  o r  one s  more con s i s t en t  w ith b a s ic a s sumpt i on s  o r  w i th 
previous stud i e s  than other model s do . Ye t s ince several ,  pe rhap s all 
such model s in any p a r t icul ar in s t ance m ight plaus ibly be r ela t e d  to  
some the ory or  the or i e s ,  this  c r i t e r i on may not  b e  of  much use. 
Secon d ,  one may adop t the conven t i on that one w ill prefer  one model to  
another i f  i t  e i th e r  has a lower Ch i-Squa re  an d the sam e numbe r  of 
degr e e s  of freedom ( e.g . , Model 2 9  would be p r e f e rred t o  Model s 26 and 
27 ) or a lower Chi-Square an d more d e g r e e s  of f r e e dom ( e . g. ,  Model 2 8  
would w in out ov er Model s 2 6  and 27) . 
The third, and , we think , the be st  me tho d ,  de comp o s ing Chi­
Square , allow s us to choose b e tw e en certain other models a s  well. In 
part icul a r ,  it  enable s compari sons of "ne s t e d "  LJodel s ,  tha t i s ,  those 
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which con t a in the same lower-level t e rm s ,  but differ  by one or more 
t e rm s  a t  the same or h igher-lev el s. Th i s  proce dur e al so allow s an 
a s s e s sment of the importance of the l inkage s b e tw e en spe c i f ic 
var iable s. An e xample w ill cla r i fy the n o t i on. Model 23 con t a in s  the 
same term s  as Model 22 , end { SO} , the r ela t i on b e tw e en f am ily and 
occup a t i onal st a tus , as well. Model 22 is therefor e  s a i d  to b e  
"ne s t e d" w i th in Model 23,  or t o  be a sub s e t  of Model 23 , and the 
importance  of the term ( SO} may be gauged by taking the d i f f er ence  in 
the Chi-Squa r e s  for the two model s an d de t e rm in ing whe ther tha t  
difference , which i s  al so d i s t r ibut e d  a s  Chi-Squa r e ,  is s i gn i f ican t.2 9
The app r op r i a t e  number o f  degr e e s  of freedom for the t e s t  i s  the 
d i f feren c e  in the d e gr e e s  of f r e e dom for the two models .  In t h i s  
c a se , t h e  d i f f e r ence i n  Chi-Squar e  i s  1 6 . 95 ( 64 , 5 4  - 47 . 5 9  = 16 . 9 5 )  
a n d  t h e  d i f f er en c e  i n  d e gr e e s  of fre edom i s  4 ( 48 - 4 4  = 4 ) . A t able 
of the Chi-Square d i s t r ibut i on w ill show tha t  this  i s  highly 
sign i f i c an t  a t  the 0,0 5 level , Model 23 i s  therefor e  t o  b e  preferred 
over Model 2 2 ,  and by th i s  t e s t ,  a t  l e a s t ,  the l inka ge  b e twe en f am ily 
st a tus and occup a t i on i s  j udged impor t an t , 
Table 11 g iv e s  the r e sul t s  of a se r i e s  of s im il ar t e s t s  and 
demon s t r ate s how one ch oose s be tween model s which are gen e r ally 
acceptable . Te st numbe r  1 ,  for example ,  comp a r e s  Model s 1 9  and 1 8  
from Table 1 0 , The fact tha t  the difference b e tw e en t h e  Ch i-Square 
for the two model s is not s i gn i f ican t  w ith 1 2  d e g r e e s  of freedom means 
that the models y i eld about equally good predic t i on s  of the int e rnal 
cell en tr i e s .  We there fore choose Model 1 9  ov er  Model 1 8  for r e a son s  
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of p a r s imony an d c oncl ude that  the four-va r i ab l e  intera c t i on t erm i s  
not a ne ce s sary p a r t  o f  a s a t isfactory exp l an a t i on, S imil i arly, in 
the t e st s number e d  2-9 we rej ect  a s  unne c e s s a r i l y  comp l ex Mode l s  1 9, 
20, 21, 26, and 27 . For t e s t s  1 0-1 8  we cann o t  rej ect  the mode l 
con t aining more term s, s ince  the d i fference s b e tween the Ch i- Squar e s  
are a l l  s i gn i f icant a t  the 0 .0 5  level for t h e  approp r i a t e  de gre e s  o f  
fre edom, but the se t e s t s  a l l ow u s  t o  r ej e c t  Mode l s  20 and 2 2  through 
26 . {Dup l ica t i on of te s t s  f or some mode l s  is not str ictly n e c e s s a ry, 
but such t e s t s  guard a ga i n s t  a r i thme t i c and t r an sc r ip t i on e rror s and 
incr e a se our conf idence in the stab i l ity of the r e sul t s , )  Pane l A of 
Tabl e  11 thus l eav e s  three mode l s, none of which i s  ne s t e d  in e i th e r  
of the othe r s  o r  h a s  t h e  s ame number o f  degr e e s  o f  fre edom a s  t h e  
oth e r s, s t i l l un rej e c t e d,3 0  
{TABLE 11 about her e )  
I n  Pane l B o f  Tabl e  1 1 ,  w e  f irst  compa r e  the mode l s  which 
survived the Pane l A comp a r i son s  w i th the mode l s  ne s t e d  in them 
numbered 31, 3 3 ,  and 3 4 .  S ince  e a ch o f  the p a i r s  o f  mode l s  i n  t e s t s  
1 9-22 i s  s t a t i s t i c a l ly ind i s t inguishab l e  a t  the 0 ,0 5  level, we rej e c t  
t h e  mode l s  con t a in ing more h i gher-orde r  t erms a n d  f ewer d e gr e e s  of 
fre e dom . Secon d, wc corapare model s 31 and 32 w i th th eir ne st  ma t e s  3 4  
and 3 3 ,  and rej ect  3 1  and 32,3 1  11l ird, w e  compare 3 3  and 3 4, aga in
f ind them s t a t i s t i c a l ly sim ilar, and therefor e  choose the model 
con t a ining f ew e r  t erms, that  i s, 3 4 .  Final ly, wc pr e sent three w ay s  
of simpl ify in g  model 3 4 ,  f ind t h a t  al l o f  them f i t  the da t a  
s i gn i f ican t l y  wor s e  than 3 4, and concl ude th a t  3 4  is t h e  b e st w e  can 
do . 3 2
Tab l e  1 1  al s o  f ac i l i t a t e s  the a s s e s sm en t  of p ar t i cul ar 
interact i on s, but a s e t  of t e s t s  m ay lead to amb i guous r e sul t s .  For 
in st ance {MAS) is evaluated  by Te st  9 and foun d unn e ce s s a ry, but by 
Te st 1 2, the same t e rm com e s  out to be s i gn i f ican t .  Likew i se, (MSO) 
i s  r a ted un impor t an t  in Te st s 2 and 6, but important in Te st  1 4 .  
Te st s f or some of the in t e r a c t i on s, for tun a t e l y, are l e s s  e quivoca l .
{ S O } ,  {MO), { MA), and p a r t i cul arly { AS] and { AO) a r e  un doubt edly 
cru c i al parts of e a c h  mode l .  
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Another way of a s c e r t ain ing the impor t ance of v a r i ous  t e rm s  
and of d e t e rm ining t h e  extent o f  sup e r i or i ty o f  one mode l over an other 
is  t o  div ide the dif f e r en c e s  in Ch i-Square  be tw e en ne s t e d  mode l s, such 
as those g iv en in Tab l e  11, by the Ch i-Square in the s imp l e r  of the 
two model s, Thus, the se cond l ine in Tabl e  1 2  show s  that  w hen we mov e 
from Model 25 to Model 2 9, which amoun t s  to adding t o  Model  21 the 
term {SO), we reduce the Chi- Squa re  by 40 .9% ( 16 . 96 I 41 .44  = 0 ,4 0 9 ) . 
Al though such percen t a ge s m ay be con s i dered a s  coun te rpar t s  of the 
coe f f i c i en t s  of "mul t ip l e  de term in a t i on" and "pa r t i a l  correl at i on "  in 
mul t ip l e  correl a t i on and r e gre s s i on analy s i s, they are not r e a l ly 
directly ana l ogous, for they c annot be in t erp r e t ed a s  m e a sur ing 
reduc t ion s  in the percen t a g e  of var i ance  exp l a i n e d .  Tho s e  percen t a g e s  
d o  mea sure t h e  in cr e a se in one ' s  ab i l i ty to reproduce t h e  ori g inal 
c e l l  en tr i e s, but those entr i e s  can a l ways be pre d i c t e d  exactly by 
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( s a t ur a t e d )  mode l s  which may or may n o t  capture causal  re l at i on ship s 
be tw e en the in dependent and depen den t  variab l e s  a t  al l .  We therefore 
prefer t o  refer to  the se me a sures  s imply as  percen t a g e  redu c t i on s  in 
Chi-Square . 
Tab l e  1 2  demon s t r a t e s  tha t  the {AO} and {AS}  int e r ac t i on s  are  
part icul arly impor t ant , by th i s  m e a sur e ,  whi l e  th ose  of { SO) , {MO) , 
(MAJ , and e a ch of the thre e-var iab l e  inte ract i on s  are of l e s s  
con se quen ce , and that inc l ud ing t e rm s  such a s  [ASO) o r  [MS) reduce s 
the Chi-Squa re  hardly at al l .  Depen din g  on which mode l s  are compared 
to  e a ch othe r ,  the  a s se s smen t s  of the impor t ance  of p a r t i cul ar t e rm s  
may d i f fer , b u t  the se dif feren c e s  a r e  usually smal l .  For in s t ance , 
in c l uding { SO}  r e duce s the Ch i-Squa re  by 40 . 9% by Te st  1 1 ,  but by only 
26 , 3 %  by Te st 13, As this examp l e  show s ,  it is po s s ib l e  to r an k  the 
int e ra c t i on s  somewhat differently in t e rm s  of the percentage r e duct i on 
in Ch i-Squar e ,  depen din g  on which mode l comp a r i son i s  used, According 
t o  Te st 1 1 , [SO} r educ e s  the Chi-Squa re  by mor e than {MAS) doe s by 
Te st 1 2 ,  but by Te st 13 , { SO) reduc e s  Chi-Square by l e s s  than [MAS) 
doe s by Te st 12 , By Te st 9 ,  [MAS) r educ e s  Chi- Squa re  l e s s  than [SO) 
doe s in e i ther Te st s 11 or 1 2 .  Th i s  ob s e rv a t i on p r ov ide s another 
rea son n o t  t o  rely heavily on the percen t a ge redu c t i on in Chi-Squnre 
in eval u a t in g  mode l s ,  
(TAnLE 12 about he re ) 
VI . SUilSTANTIVE CONCLUSION S 
If the proof of the me thodol ogical  pudding i s  in the 
sub s t antiv e  p i e ,  where  do al l the s e  numb e r s  ge t us? In The Othe r 
Boston i an s ,  Thern s t r om foun d  that men in the h igher occup a t ional  
group s  were more  l ikely to p e r s i s t from 1 880 t o  1 890 in  Il o s t on than 
were men on the l ower run g s  of the l adder, ( He did  con t r ol for age , 
to some exten t ,  by p r e s en t in g  s t a t i s t ics  in the rel evant t ab l e  only 
for men b e tw e en 1 9  and 40 ye a r s  ol d in 1 8 80, ) 3 3  He then spe cul a t e d  
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that n ine t e en th century America con t a in e d  " ,  • , a perm anent f l oa t ing 
p rol e t ariat  m ade up of men ever on the move spa t i al ly but r ar e ly 
w inning e c onomic g a i n s  a s  a r e s ul t  of spa t i a l  mob il ity" and sugge s t e d  
t h a t  t h i s  t r an s i en cy made i t  d i f f icul t to  mob il ize the urban m a s s e s 
soc i a l ly and po l i t i c a l ly and fac i l i ta t e d  s o c i a l  control by the 
3 4  prosperous . The s e  w e r e  among the most  str iking in s i gh t s  in 
Thern strom's s t imul a t ing and influen t ial book, 
The mul t iv ar i a t e  ana ly s i s  which we have pre sent e d  sugge st s a 
more comp l ex p i c t ure  w i th somewhat d i f feren t  imp l icat ion s  than 
Thernstrom dr ew.3 5  Rather than a f l oa t ing prol e t a r i a t ,  our ana ly s i s  
sugge st s thnt the out s t anding f e a t ur e s  o f  the l ands c ape w e r e  youthful 
mob il ity, comp a r a t ively s e t t l ed m iddl e age , and the ac cumul a t i on of 
human and phy s i cnl cap i t a l  over  the l if e  cyc l e. Ra ther than an 
irrat i onal ly or at l ea st un suc c e s s ful ly gyr a t ing whirlpool of 
movem en t ,  our mode l s  are con s i s t en t  w i th -- though they do n o t ,  of 
cour s e , prov e  that the re  were -- p a t terne d s e arches  f or opportun i ty by 
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rat i onal indiv idual s. 
Suppo s e  j ob chanc e s  in e ach occup a t i on d i f fered s omewhat from 
pl ace to pl ace , and that one were try ing to d e c ide whe ther to mov e  or 
stay put. Consider two men who coul d ,  by mov ing t o  a p a r t i cu l a r  c i ty ,  
each rai se the i r  s a l a r i e s  by the same amount ,  whose c o s t s  o f  mov ing 
were f a i rly sub s t ant i a l  and roughly equal , but who were of differ ent 
age s. Then the younger of the two would be more l ikely to  mov e ,  for 
he coul d e xp e c t  to  r e a l ize  the higher sal ary for a l onge r time ( s uch 
things a s  age- sp e c i f ic h e a l th b e ing a s sum e d  e qual b e tween the two 
men ) ,  W i th luck, the younger man would much more than m ake up f or the 
c o s t s  of reloca t ing , whi l e  a much ol der man m ight  barely cover those 
costs be fore d i s ab i l i ty or death ov ertook h i m .  
T o  make the examp l e  a b i t  more r e a l i s t i c ,  suppo se that we d o  
not a s sume that e ach man h a s  perfect  inform a t i on about t h e  p r e sent 
d i s c ount e d  v a l ue of the wag e s  in  the two p l ace s .  Then if they were 
each about e qually c e r t a i n  of the ge ographi c a l  wage d i f ferent i al , the 
younger man would s t i l l  be more l ike ly to  move than the olde r .  For if 
they gue s s e d  e i the r too l ow or correctly on the wage di ffer ent ial , and 
both mov e d ,  the younger man would enj oy the higher wage in the new 
area for a l onger t im e ;  if they ove r e st imate d the wage d i f ferent i a l , 
and both mov e d ,  the younger man, by mov ing a g a i n ,  coul d r e c t i fy h i s  
m i s t ake , whi l e  the ol der m a n ,  pushing into t h e  a g e  when he a l th and 
other concerns make start ing out once more incr e a s i ngly d i f f icul t ,
woul d b e  more l ikely t o  b e  stuck w ith h i s  bad de c i s i on .  In shor t ,  the 
young c a n  b e t ter af ford to take ri sks be cause they have more t o  g a i n .  
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They al so , o n  ave r ag e ,  h a v e  l e s s  t o  l ose , both in e conom ic  and 
in  s o c i a l  t e rm s ,  Le s s  l ikely to own hom e s  and other fixed p r op e r ty ,  
they have few e r  tr ans act ions cos t s  to  b e a r  i f  they vaca t e .  Likely to 
have inv e s t e d  l e s s  h e avily in bu il ding up goodw il l  w i th emp l oye r s ,  
emp l oye e s ,  o r  cus t ome r s ,  they can move o n  w i thout di scard i ng s o  much 
of th i s  ttcap i ta l .H S ince they have had f ewer y e a r s  to m ake 
f r i endship s ,  and ,  e sp e c i a l l y  if they are s i ng l e ,  have a l ower 
probab il ity of bel ong ing t o  a family un i t  which h a s  l arge  numb e r s  of 
fri ends and r e l a t iv e s  i n  an area,  there are al so f ew e r  s o c i a l  t i e s  t o  
keep young m e n  i n  a p a r t i cul ar p l ace . Al though they wer e  in g e ne ral 
l e s s  ab l e  to  make independent e conomic  de c i s ions than men i n  the 
nine te enth century , the same  cons ide r a t ions wou l d ,  natur a l ly ,  apply to  
women . 
A p e r son ' s st age in the l ife cyc l e ,  furtherm or e ,  c a n  be 
exp e c t e d  t o  affect h i s  soci al , a s  wel l as  his geograph i c a l  mob i l i ty .  
Young p e op l e  almost invar iably make some inve stment in  human and/or 
phy s i c a l  c ap i ta l . Later  in l if e, they may enj oy the r e t urns from 
the ir  e arl ier inv e stment s in the form of immedi a t e  m e a su r e ab l e  s o c i a l  
mob i l i ty b y  buy ing shop s ,  or by moving from un skil l e d  t o  s ki l l e d  or 
l ow white col l ar to  high white  col l ar j ob s ,  as  wel l  as in the form of 
con sump t i on by purcha s i ng h om e s  or int ergene r at i onal s o c i a l  mob i l i ty 
by incre a s i ng the ir  children ' s  l if e  ch ance s ,  In c r o s s- s e c t i ona l da t a ,  
the r e f or e ,  w e  shoul d e xpect t o  f ind d i s  ropor t i onate n"Clllber s  o f  youths 
in l ow e r  occup a t i onal s t r a t a  and d i spropor t i ona te  numbe r s  of the 
m id d l e- ag e d  in higher stra t a . 3 6  
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The s e  theor e t ical con s i de r a t ion s sugg e s t e d  a n  ana ly s i s  of 
geog r aph i c  mob i l i ty that ought to inc l ude age and fam ily sta tus among 
the indepen dent v ar i ab l e s , 3 7  Our mul tiv a r i a t e  an a ly s e s  gene ral ly 
d im in i sh -- but do not ent irely e l im in a t e  -- o ccupat ion a l  c l a s s  
d i fferent ial s in pe r s i st ence , and t hey unde rl ine the impo r t ance o f  
age .  The preferred mode l ,  that numb e r e d  3 4  in Tab l e  10, inc l ude s 
direct  l inks b e tween age and p e r s i st ence , as w e l l as be tween 
o ccup a t ion and p e r s i st en c e ,  and Tab l e s  1 1  and 12 e sp e c i a l l y  highl ight
the int e r a c t ion s be tween age and o ccup a t ion and be tween age  and 
mar i tal s t a tus , No model of pe r s i s t ence  in Boston whi ch is at a l l  
sat i sfac tory , at l ea st among those con t a in ing the independent 
v ar i ab l e s  wh ich we examine d ,  can d i s r egard age a s  a d i r e c t  in f l uen c e , 
nor c an i t  neg l e c t  the in t e rrel at ion ships b e tween age and other 
independent v ar i ab l e s .  Fo r examp l e ,  Mode l 7 in Tab l e  10, which 
con ta ins only (MA), ( MS) , ( MO) , and lowe r-ord e r  term s ,  show s a Chi­
Square of 1 832, which is an extremely poor f i t .  And model  8, which 
incl ude s a l l  the in t e r a c t ion s be twe en mob i l ity,  s t a t us , and 
occup a t ion , but e xc l ude s the direct  and ind i r e c t  e f fect s of age on
mob i l ity ,  al so doe s  very badly . 
The l ambda or effe c t s  coe f f ic i en t s  for model  3 4  from Tabl e  1 0, 
d i sp l ayed in Tab l e  1 3 , further demon s t r a t e  the se po int s .  Unl ike 
regr e s s ion coe ffic ien t s ,  which me a sure the impa ct on a dependent 
variable  ot a g iv en change in an independent var i ab l e ,  the lambda s 
have no s imp l e  in t ui t iv e  in terpr e t a t ion . The e s sent ial r e a son for 
th i s  i s  that the relat ion ships in log-l inear (or log i t  or prob i t )  
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ana ly s i s  are a s sumed to b e  nonl ine ar and condi tiona l. as  oppo s e d  to 
the l inear and un condi t iona l  effect s of the l ine ar regre s s ion mode l . 
Fo r inst on ce , change due to age in the probab il i ty of be ing foun d in 
1 890 var i e s  for each age c a t egory , and ,  w ithin age group s ,  for each 
occupat iona l c l a s s  and f amily con d i t ion . Thus , the effect on mob i l ity 
of be ing in one ' s  twen t i e s  in 1 8 80 d i f f e r s  for the un skil l ed and h igh 
whi te col lar worke r s ,  and w i th in the un s ki l l ed c a t ego ry , for those 
w i th and w i thout children,  and e ach such effect  differs  for e ach age 
g roup . The 1 ambda s in e s sen ce  11 averag e  out " al l the con d i t iona l 
e f f e c t s  for each c a t egory of each variab l e .  Ra ther than t r an sform 
them and incr e a se bo th the numbe r  of coe f f i c i en t s ,  and, p erhaps , the 
r e ade r ' s  confus ion , we concen t r a t e  on the l ambd a s  a lone , con s id e r ing 
them s imply a s  mea sure s ,  w i thout any pre c i se na tur a l  mean ing , of the 
rel ev an t  e ff e c t s ,  
(TABLE 1 3  about her e )  
The s ing l e-var i ab l e  o r  "ma in" effect s i n  P ane l A of Tab l e  1 3  
show only tha t  there  w e r e ,  for in s t ance , fewer peop l e  in t h e  1 4-20 age 
group than in o ther age ca tegor i e s ,  fewer h igh than low whi te  col l ar 
men in 1 880, e t c .  Included for r e a sons o f  comp l e tene s s  only , they may 
be l argely d i sr egarde d .  
While none o f  the lambd a s  in Pan e l  B i s  s ign i f icant  a t  the 
0 .OS l eve l , two of the e f f e c t s  for age -- but none of tho se for 
occupa t ion -- are s ign if icnnt n t tho 0 ,l 0 l evel . Men in the i r  
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twent i e s  were  about a s  l ikely t o  mov e  a s  t o  s t ay in B o s t on dur ing the 
1 8 80 s ,  if the ir  other tr a i t s  are  s t a t i st i ca l ly con t r o l l e d ,  w hi l e  those 
b e tw een thi rty and s i xty wer e  much more l ikely to  s t ay than t o  move, 
even taking int o  accoun t  the ir  d i f f erent c l a s s  and fam il ia l  
s i tua t i on s .  The old  appar en t ly d i e d . 3 8  1 8 80 prof e s s ional s were
somewhat more  l ike ly to b e  foun d  in  the Hub C i ty than l ow white col l ar 
worker s  were ten y e a r s  l at e r ,  and men in b l ue col l a r  occup a t i on s  in 
1 880 were even l e s s  l ikely th an cl erks w e r e  to appe a r  in the 1 890 c i ty 
d i r e ctory .  The effects of occup a t i on on mob i l i ty ,  however, are in 
e ach c a se sma l l e r  th an the ir a s s o c i a te d  st andard error s ,  and none even 
com e s  cl ose  to  s t a t i st ical  sign i f icance , Control l ing for age and 
f am ily s t a t us ,  ther e f or e ,  almo s t  ent irely "wa she s out" the 
rel a t i on ship which Thernstrom str e s s e d  be tween occup a t i on and 
p e r s i st en ce , Fur thermor e ,  if de a th rate s were h igher for l ow er c l a s s  
than for upper c l a s s  men among t h e  ol der gr oup , and i f  dire c t ory 
enumer ator s  were more prone to s kip l ower c l a s s  than upper c l a s s  men 
(be cause poor ne ighborhoods w e r e  more dangerou s ,  b e cause bus ine s smen 
often adv e r t i s e d  in dire c t or i e s ,  or s imply because  it  w a s  p r obably 
harder t o  l oc a t e  every ind iv idual in a den sely popul ated tenement than 
a l ong a t r e e- l ined str e e t  of s ingl e- fam ily house s )  then the " true" 
e f f e c t s  of occup a t i onal  c l a s s  on pe r s i st ence  m ight van i sh en t irely.  
P ane l C di spl ays th e re l at i on ships among t h e  age , fam ily , and 
occup a t i on var i ab l e s ,  The coe f f i c i en t s  for (AS } and ( SO} show ,  not 
surpr i s ingly , that few of the young or the unemp l oyed had c h i l dren , 
ye t ,  whi l e  those over 3 0  were gener al ly father s .  It i s  the twenty 
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( AO }  coe f f i c i en t s ,  one for each comb in a t i on of age and occup a t i on ,  
which are o f  mos t int ere st . Nearly hal f o f  them are s t a t i st ical ly 
s ign i f icant a t  the 0 . 0 5  l eve l . High whi te col l ar men w e r e  v ery l ikely 
to b e  middl e-age d or older, whi l e  l ow white col l ar men t ended t o  be 
b e l ow the age of 3 0 ,  Ski l l ed work e r s  were ov erwhe l m ing l y  middl e- age d ,  
rather than e i th e r  b e l ow 20 or over 6 0 ,  whil e  the number s i n  the 
un skil led  group v ar i e d  monot on i c a l ly and inv e r sely w ith age , The 
unempl oyed w e r e  usua l ly e i ther t e enaged or e l de rly . Al l the se c r o s s­
s e c t i onal rel a t i on ships sugg e s t  that  many Bost on i an s  who began in 
l ow er s t r a t a  coul d e xpe c t  to  move up an occup a t i onal  not ch a s  the i r  
human and phy s i c a l  cap i tal  matur e d  and they re inforce  Thern strom's 
more gen e r al p i c t ur e  of the l a te 1 9 th cen t ury Amer ican l ab o r  marke t a s  
one of l im i te d  but r e a l  opport un i t i e s , 3 9  
For al though he found n o  imp e rmeable  d iv i s i on be twe en c l a s se s ,  
Thern strom d i d ,  in e f fe c t ,  de scr ibe l a te  1 9 th century so c i e ty a s  
separated in t o  two b a s i c  sor t s  of men . On the one s i de w e r e  s t r iv ing 
w orke r s ,  cl erks , and prof e s s i ona l s ,  who w ith a l i t t l e  luck and 
p e r s e rverence coul d r e a sonably e xp e ct t o  cl imb a t  l e a st a sma l l  way up 
the social  l adder or to incre a s e  the i r  in i t i al weal th somewh a t .  On 
the other side were  the ev ane scent w ander ing worke r s ,  d i s appe a ring 
from the sampl e ,  a s sumed never to f ind a s e t t l ed p l ace in soc i e ty ,  
un i on s ,  o r  pol i t i c s  -- a conj e c t ured re s e rve l abor army on the mov e .  
By taking age int o  accoun t in a mul t ivar i a t e  anal y s i s  o f  spa t i a l , and,  
t o  a very l im i t e d  e x t en t ,  of  social  mob i l i ty ,  we have l argely 
el imina t e d  the ne c e s s i ty for p o s t ul a t ing the ex i stence of th a t  se cond 
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c l a s s ,  at l e a st t o  t h e  extent t h a t  i t  emerged o u t  o f  the Bost on da t a ,  
O f  course the re w e r e  many mob i l e  Ame r i c an s ,  some un doubt edly never 
f oun d a comfor t ab l e  n i che , and d i spropor t i on a t e  number s  of them were 
probably r e l a t ively un ski l l ed and poor , But if the c l a s s  d i f f eren ce s 
in g e og r aphic mob i l i ty were p r in c ipal ly a product of age d i f ference s ,  
i f  age a l s o  correl a ted s t r ongly wi th a man ' s  pl ace in the occup a t i on a l  
s t r a t a  i n  1 880 - - b o t h  o f  which w e  have t r i e d  t o  show - - and i f  many 
worke r s ,  both blue and whi te col l a r ,  progre s se d  upw ard dur ing the i r  
working l iv e s ,  whi ch Thern s t r om showed,  then Thern strom ' s se cond c l a s s  
merge s w i th h i s  f i rst , both app aren t ly en gage d  in r a t i onal  se a rche s 
for j ob opportun i t i e s  and a good many enj oy ing s om e  succe s s  at i t .  
Many of these  con c l us i on s would have been m i s se d  -- in f a c t ,  
were m i s s e d  � b y  h i s t or i an s  who ignored t h e  in terrel a t i on ship s 
be tween independen t var i ables  and who were  content to use the 
av ai l ab l e  da ta mer e ly to  de scr ib e  b ivar i a t e  rel a t i on ship s  in s t e a d  of 
comb ining approp r i a t e  the ory with mul t iv a r i a t e  techn i que s ,  such a s  
l og-line ar one s ,  t o  bu i l d  and t e s t mor e comprehen s iv e  e xp l an a t i on s .  
Having r endered the technique more acce s s ible than be for e  to  
hi storian s ,  we  inv i te them to  use i t  t o  dev i se more soph i s t i c a te d  
approache s t o  t h i s  and othe r  simil ar prob lems i n  s o c i a l  hist ory . 40 
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FOOlNOTES 
1 .  Since S tephan Thernstrom l aun ched th i s  a r e a  of st udy with h i s  
Progr e s s  and Poverty:  Soc i a l  Mob i l ity in a Nin e teenth Cen tury 
C i ty ( Cambr idge , MA, Harv ard Un iv e r s i ty Pre s s ,  1 96 4 ) , the 
bibl iog r aphy ha s become much too l on g  to l i st  here. Some of the 
l ending r e cent works incl ude Therns t r om ' s  The Othe r Boston i an s :  
Poverty and Progre s s  in the Ame r i c an Me tropo l i s ,  1 880-1970 
( Cambridge , MA, Harvard Un iv e r s i ty Pre s s ,  1 973) ; Michael B. Ka tz , 
The People of Ham i l t on :  Fam i ly and C l a s s  in a Mid-Nine teenth 
Century C i ty ( Cambr idge , MA, Harv ard Univ e r s i ty Pre s s ,  1 97 5 ) ; 
Clyde and Sal ly G r i ffen ,  Na t ives  and Newc ome r s : The Ordering of 
Opportun i ty of M id-Nin e t eenth Century Poughke ep s i e  ( Cambr idge , 
MA, Harv ard Un iv e r s i ty Pr e s s , 1 977 ) .  
2 .  If the examp l e  which Thern s t r om se t by depo s i ting h i s  d a t a  a t  the 
H i s t or i c a l  Da t a  Arch iv e s  of the In t e r-Un iver s i ty Con sort ium for 
Pol i t i c a l  and Soc i a l  Re s e a rch at the Un iv e r s i ty of Mich igan were  
a s  w idely fol l owed as  h i s  p a th-b r e aking s tudi e s  of h i st or ical  
mob i l i ty wer e ,  the  prof e s s i on woul d bene f i t  gre a tly . As we hope 
to demon s t r a te ,  secondary da t a  analy s e s ,  too sel dom performed by 
h i s t or i an s ,  may un cover new face t s  of the da t a .  We obt a ine d Da t a  
S e t  ICPSR # 7550 from the Con s o r t ium . Natur al ly ,  ne i ther 
Thern s t rom now the ICPSR bears any r e spon s ib i l ity for the 
analyse s we performed ,  
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3 .  The occup a t i onal cl a s s i f i c a t i on s  are  Therns trom ' s .  Age , of 
cour se ,  coul d be treated  a s  an interval l evel var i ab l e , We cut 
it int o c a t egor i e s  only in order to  i l lustr ate th i s  p a r t i cul ar 
form of l og-l ine ar analy s i s ,  The num b e r  of c a s e s in the samp l e  
w a s  c u t  from 3 3 6 2  to 1 7 2 4  by our de c i s i on to  e xc l ude t h e  3 5  
Negroe s ,  whi t e  men for whom any data  w a s  m i s s in g ,  and m o s t  
impor t antly,  to  exc lude al l mal e s  unde r 1 4  ye a r s  of age in  1 880 . 
84� of our e xc l u s i ons  ( 1 3 6 2  of the 1628)  wer e  due to age , One 
indi c a t i on t h a t  e l imina t i ng c a s e s  f or which there w a s  m i s s i ng 
d a t a  d i d  not s e r i ously d i s t or t  our f ind ings w a s  t h a t  the 
proport i on " found " in t h e  smal l e r  sampl e differed from that  in  
the l ar g e r  s ampl e  by less  than one perce n t .  The age and s t a tus 
v a r i ab l e s  were col l apsed i nto  four and two c a t e gor i e s ,  
re spe c t iv ely , t o  s impl ify t h e  present a t i on ,  Log - l ine a r  run s o n  a 
1 00-ce l l  t ab l e  w ith s t a t us broke n int o three ca t e gor i e s  a nd a g e ,  
int o f iv e ,  produced re sul t s  v e ry simil ar to  those  pre se n t e d  
b e l ow .  
4 .  On t h i s  po int , s e e  Richard J .  Jense n, "Foun d :  F i f ty Mi l l ion 
M i s s ing Ame r i cans , "  paper de l iv e r ed a t  the S o c i a l  Sci ence H i s t ory 
As s o c i a t i on Conv e n t i on, Nov emb e r  8 ,  1 980 , 
5 .  We m ake no cl aim to orig ina l ity in our d i s cus s i on of l og- l ine ar 
ana ly s i s .  We h ave  merely comb ined the d i scus s i on s  of other 
s c h ol ars  in  a way which c l a r i f i e s  the subj e c t ,  a t  l e a st t o  us , 
We have ch i e f ly rel ied upon Yvonne M, Bi shop, St ephan E .  
Fi enbe r g ,  and Paul W .  llol l and , D i s c r e t e  Mul t ivariate  Ana lys i s :  
Theory and Prac t ic e  ( Cambr idge , MA :  The �IIT Pre s s ,  1 97 5 ) ; 
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Stephen E .  Fi enbe r g ,  The Ana lys i s  o f  Cro s s- C l a s s i f i ed Catego r i c a l  
Data  ( Cambr idge , MA . , and London : The MIT Pre s s ,  1 977 ) ; Le o A 
G oodman,  Analyzing Qua l i t a t ive/ C a t egor ic a l  Da t a :  Log-Line a r  
Mod e l s  a n d  L a t e n t  S t ruc ture Analys i s  ( C ambr idg e ,  MA :  Abt Book s ,  
1 97 8 ) ; H .  T.  Reyno l d s ,  The Ana lys i s  o f  Cro s s-C l a s s i f i c a t ions ( New 
York : The Fr e e  Pre s s ,  1 97 7 ) ; and Dav id Knoke and P e t e r  J .  Burke , 
Log-Line a r  Mod e l s  ( Beverly Hil l s ,  CA : Sage Pub l ic a t i on s ,  Inc , , 
1 980) . We shal l h e r e a f t e r  c i te the se books a t  only a f ew po int s ,  
but we  acknow l edge our gene ral dependence o n  them . 
6 .  Note that  the supe r sc r i p t s  do not m e an tha t ,  e . g . , • i i s  r a i se d
to  t h e  M th  power , W e  show b e l ow that  in the mul t ipl ic a t iv e  
7 .
MSf orm , a s t a tement that  ' ik = 1 is e quiv a l e nt to say ing t h a t  the 
two v a r i ab l e s  are s t a t i st i ca l ly indepe nde nt , For a proof that  
that i s  not  the c a s e  for  a l ine ar,  addi tive form , s uch a s  
S MS Fik = n + 'k + ' ik ' s e e  B i shop, Fi enbe r g ,  and Hol l and, D i s c r e t e
Mul t ivar i a t e  Ana lys i s ,  2 3 -24 . Th e r e  i s  a good b r i e f  c r i t ique of 
one such t e chnique , AID, in ib id . , 3 6 0 ,  
For exampl e ,  •� can b e  d iv ided into ,M the e f fect o f  b e i ng 
1 1 ' 
M f ound, and •2 , the effect  of not b e ing foun d .  The t o t a l  num b e r  
o f  effect s i s  therefor e  one f o r  the e t a ,  two f o r  the ,M , t w o  for 
8 .
4 4  
t h e  -c s ,  and four for t h e  i;MS ( i . e . , i:1
M
1
S , i;MS , i;MS , and i;MS ) , for 0 12 21 22 
t o t a l  of nine , 
A ch ange from Fik to p ik doe s not change the t aus , but doe s
r equire o r ede f i ni t i on of the e t a .  ( Note t h a t  F . k = N ' k' where1 p l  
N i s  t h e  numb e r  o f  ob s e rv a t i ons . )  For d e t a i l s on the 
r e d e f ini t i on ,  see B i shop, Fi enbe r g ,  and Hol l and, D i s c r e t e  
Mul t iv a r i a t e  Ana lys i s ,  1 9 .  
9 .  The three p a r a l l e l  l ine s ind i c a t e  that  the quant i t i e s  a r e  equal 
by de f in i t i on ,  
1 0 .  Not e  t h a t  i f  we m ake the same sub s t i tut i on s  i n t o  equa t i on s  ( 10 )  
o r  ( 11 ) , t h e  r e sul t i ng quant i t i e s  d o  n o t  equal uni ty .  Try i t ,
1 1 . Al l equa t i ons  ( 1 8 )  through ( 20 )  real ly d o  i s  i l l u s t r a t e  the 
not i on of "cl osed f orm" e s t im a t e s  and show that sub s t i tut ing 
e qua t i on s (9) to ( 12)  in e qua t i on (8) and s impl i fy ing g iv e s  us 
the proper ident i t i e s .  In the spe c i al c a s e  of sa tur a ted mode l s  
e xpr e s s i on s  l ike ( 9 )  t o  ( 1 2 )  a r e  equiv al e nt t o  the "maximum 
l ike l ihood" e s t imate s ,  which may be gene r at e d  e i th e r  through n 
more compl e x  procedure or j us t  th rough i n s e r t ing the r e l ev ant 
ob s e rved p r opor t i ons  in  ( 9 )  to ( 12) , or , for c a s e s w i th l arger  
num b e r s  of  var i ab l e s ,  anal ogu e s  of these e qua t i ons , On the  
m e th ods u s e d  t o  generate  maximum l ike l ihood e s t im at e s  f or cros s-
c l a s s i f ic a t i on tab l e s ,  see  B i shop ,  Fi enbe r g ,  and Hol l and, 
D i s c r e t e  Mu l t ivariate  Ana lys i s ,  chap t e r  3 .  
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1 2 .  The int e r e s t e d  re ade r may consul t B i sh op ,  Fienbe r g ,  and Hol l and,  
1 3 . 
D i s c r e t e  Mu l t ivar i a t e  Analys i s ,  ch apt e r s  2 and 3 ,
The t e rm " f i t t e d  margina l s "  refers  to  the fact t h a t  for 
h i e r arch i c a l  mode l s ,  the maximum l ike l ihood e s t im a t e s  i nsur e that  
the  e s t im a t e d  margina l s  a r e  equal to  the ob s e rved m a r g i na l s ,  
1 4 .  See O t i s  Dud l ey Duncan, "How De st ina t i on Depends on Or i g i n  i n  the 
Occup a t i onal Mob i l i ty Tab l e , " Ame r ic an Journal of Soc iology, 84 
( 1 979 ) , 7 93 -803 ; Leo A ,  Goodman, "Mul t ipl icative  Mo de l s  for the 
Analy s i s  of Occup a t i onal Mob il i ty Tab l e s  and Oth e r  Kinds of 
Cr o s s-Cl a s s i f ic a t i on Tabl e s , "  ibid . , 804-81 9 ,  
1 5 . In the a c tual ana ly s i s ,  b e l ow ,  of Thernstrom ' s  da t a ,  only one of 
the two-var i ab l e  interact i on s  can be e l imina t e d ,  Tab l e  8 i s  
.1!.l!1'.!t!Y hypothe t i ca l . 
1 6 . The r e nde r shoul d be abl e  t o  s a t i sfy himse l f  j us t  by pe rmut ing 
comb ina t i on s  of al l four l e t t e r s  that  the numbe r of po s s ib l e  
mode l s  i s  much l arger  than the 3 7  g iven in  Tabl e  1 0 ,  b e l Oll' . The 
fact  that  the t o t al numb e r  i s  113  for the 4-vnr i nbl e c a s e  com e s  
from B i sh op ,  F i enb e r g , and Hol l and , D i sc r e t e  Mul t iv a r i a t e  
Ana lys i s , 77 , 
1 7 . On h e t e r e oske da st i c i ty ,  s e e ,  e , g , , Er ic  A ,  Hanushck a nd J ohn E .  
Jackson, S t a t i s t ic a l  Me thod s for Soc i a l  Sc ient i s t s  ( New York : 
Academ ic  Pre s s ,  1 97 7 ) , 1 41 -46 . For on appl ica t i on o f  MCA t o  1 9 th 
century geographi c a l  mob i l i ty d a t a ,  s e e  Michael B ,  Ko tz , Mi chael 
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J ,  Douc e t ,  and Mark J,  Stern,  "Popul a t i on Pe r s i st e nce and Early 
Indus t r i a l iz at i on in a Canad ian C i ty :  Ham il ton ,  Ont a r i o ,  1 851-
1 87 1 , "  Soc i a l  Science H i s tory 2 ( 1 97 8 ) , 2 0 8-2 9 . From our textua l  
di scus s i on, i t  i s  obv i ous  t h a t  w e  d i sa gr e e  w i th Richard J .  
Jensen ' s  s t a tement in  "New Pre s se s  For Ol d G rape s :  I :  Mul t ip l e  
Cl a s s i f i c a t i on Analys i s , "  H i s t o r i c a l  Method s ,  1 1  ( 1 97 8 ) , 1 7 5-76 , 
that  " , • , MCA may now be cons i d e r e d  the ' te chnique of choice ' 
for most prob l ems  in quant i t a t iv e  social  h i s tory . "  
1 8 .  Compare Michael  Swaf ford , "Thre e  Param e t r i c  Te chnique s for 
Cont ingency Tabl e  Analy s i s :  A Non t e chnical Commentary , " Ame r i c an 
Soc iolog i c a l  Review, 4 5  ( 1 980 ) , 6 6 4-90 , w i th Take shi Amemiya, 
"Qual i ta t iv e  Re sponse Mode l s :  A Survey , "  Journal of Economic 
Li t e rature,  19  ( 1981 ) , 1 4 86-87 . 
1 9 .  Log i t  ( a s  w e l l a s  prob i t  and Tob i t )  a na ly s i s can be appl ied  to  
l e f t- and/or r i ght-hand s ide v a r i ab l e s  m e a sured on nom ina l ,  
ord i na l ,  or int erv al scal e s ,  a s  i l l u s t r a t e d ,  for exampl e ,  i n  J .  
Mo rgan Kous s e r ,  "Making Separate  Equal : Integr a t i on o f  B l ack 
a nd White School Funds in  Ke ntucky , "  Journal of Interd i s c ipl inary 
H i s tory, 10 ( 1980) , 3 99-42 8 .  
20 , Fi enbe r g ,  Ana lys i s  of Cro s s-Cl a s s i f i e d  Catego r i c a l  D a t a ,  chap t e r  
6 ,  cont a i ns a good tre atment o f  th e r e l a t i onship b e tw e e n  l og i t  
a n d  the more gene r al l og-l ine a r  mode l , Fi enbe rg  r e f e r s  to  the 
l o g i t  model  in the text o s  a " l ine a r  l og i s t i c  r e sponse mode l " 
re s e rvi ng the term " l ogi t" for mode l s  w hich predi c t  r a t i os of raw 
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numbe r s  in the eel 1 entr i e s ,  inst e ad of propor t i on s  i n  the ce l l  
entr i e s ,  Form a l ly ,  howeve r ,  the two mode l s  are the s am e ,  s o  we  
make no d i s t inc t i on h e r e .  For some emp i r i c a l  resul t s  compa r ing 
the two,  see  Sw afford , "Three Param e t r i c  Technique s , "  664-6 90 , 
To see  the r e l a t i on b e tw e e n  the l o g i t  and t h e  l og - l ine ar 
coe f f i c i e nt s ,  start w ith equa t i on (22)  in the text . For pil l ' 
the propo r t i on " found, " 
( 22 .1 )  log P1u
M S 0 MS MO S O  MOS log � + Al + A  + A + Alk + Al l + A  + Alkl ' 
whe r e  the sub s c r ipt s on every term involv ing "M" ind i c a t e  that  
the  equa t i on mode l s  the e f f ec t s  of the  f ir s t  l ev e l  of M only . 
Likew ise , for the propor t i on not found,  
( 22 . 2 )  l og p2kl 
S ince it is a m a th em a t i c a l  fact that log <!> = l og a - l og b, and
we d e f ine the l og i t  of v a r i ab l e s  i ,  j ,  and k, con s i de r ing t h e  
f ir st v ar iable  a s  depe nde n t ,  a s  l og pl jk , we obt a i n  the 
p2 j k  
equa t i on f or that  l og i t  b y  sub t r a c t i ng e qua t i on ( 22 . 2 )  from 
equa t i on ( 22 , 1 ) . Al l term s  not involv ing M drop out , and we have 
( 22 . 3 )  l og pl j k  - log p2 j k  
whe re the parenthe s e s  are  ins e r t e d  for convenience . But b y  the 
a s sumpt ion s t a t e d  in equa t i on ( 7 )  in the t e xt , t r ansf ormed into 
l og a r i thms ,  
AM 1 -k
M 
2 
AMS 1 -
)..MS 
2 
( 22 . 4 )  
AMO -)..MO 1 2 
AMOS 1 -
)..MOS 
2 
The r efor e ,  
( 22 . 5 )  log pl j k  - l og p2 j k  
And i f  w e  r e name the l og i t  c o e f f i c i ent s ,  and dr op the M 
supe r sc r i p t s  and the const ant 2 ' s  because  they appe a r  for every 
var iabl e on the r ight hand s i de of the equa t i on ,  we h ave the 
l og i t  equa t i on 
( 2 2 . 6 )  l og 
Pl jk 
= W + WS + WO + Wos, 
p2 j k  
4 8  4 9  
and the W o r  log i t  coe f f ici ent s a r e  equal to  tw ice the r e l ev ant 
l og-line a r  coe f f ic i e nt s .  Not e  a l so that  f or a two- c a t e gory 
dependent v ar i ab l e  e xpr e s se d  in propor t i ons ,  
( 22 . 7 )  
Therefor e ,  the l ef t  hand s i de o f  equa t i on ( 22 . 6 )  c a n  b e  e xpr e s s e d  
a s  l og 
pl jk 
����- , and, dropping sub s c r ipt s ,  we have an e qua t i on 
1 - pl j k  
which l ooks v e ry simil ar to  a conv ent i onal mul tipl e r e gr e s s i on 
equa t i on :  
( 22 . 8 )  l og ____!!__ = W + WS + WO + WOS . 1 - p 
21 . Department of S t a t i st i c s , Univ e r s i ty of Ch i c a go ,  Ch i c a go , IL, 
606 80 . 
22 , For tab l e s  which have z eroe s in any ce l l ,  many s t a t i st i c i ans  
adv i se the user to add s om e  smal l numbe r ,  such a s  0 , 5 0 ,  to  e ach 
cel l .  Thi s  m ake s i t  po s s ib l e  t o  e st imate  many mode l s  which 
cannot otherw ise be e st imated because  they con t a i n  z e r oe s in the 
margina l s  and make s conv ergence go much f a s t e r  in t ab l e s  w i th 
z e r oe s in the c e l l s .  It al so r e duce s the " a sympo t i c  b i a s "  and 
the "mean squa red e rror" for e st ima t e s  of the l ambda s ,  which, 
trans l ated into Eng l i sh, means that if one e s t im a t e d  the 
coe f f ic i e n t s  ov er and over again from s imil ar data or once from 
an extr emely l arge sampl e ,  he w oul d f i nd that  the e s t imated 
l ambd a s  were  on average c l o s e r  to  the v a l ue s  for the popul a t i on 
a s  a whol e if he added a sma l l  val ue to e a ch cel l than if he 
didn ' t , See Goodman,  Analyz ing Qual i t a t ive/Ca tegor i c a l  D a t a ,  
114 . We shoul d n o t e  t h a t  some s t a t i st i c i ans  d o  n o t  approve of 
5 0  
th i s  procedur e ,  and that theor e t i c a l  and s imul a t i on work o n  i t  i s  
ne e d e d .  
23 . For the two-var i ab l e  c a se , if l ambda i s  w r i t t e n  a s  
� e ij log f ij ' whe r e  e ij i s  e const ant depending on t h e  number
of l ev e l s for e ach variable ( if i = j = 2 ,  es  in  e qua t i on s  ( 9 )  to  
(12)  in the text , a ij = 1 / 4 ) , then G oodman h e s  shown that  the 
st andard dev i a t i on of l ambda is the square  root of [; e�j / f ij forlJ 
the sa tur a t e d  c a s e ,  end that this quant i ty is e l ower bound of 
the st andard dev i a t i on of e a ch l ambda for uns a tur a t e d  mode l s .  
See Goodman, Ana lyz ing Qua l i t a t ive/ Categor i c a l  Date,  1 1 4 , and 
c i t a t i ons  given the r e .  
2 4 .  There e r e  separate l ambda effect s - - not a l l  inde pende nt o f  e ach 
other -- cal cul ated f or each l evel of e mul t i- c a t e gory var i ab l e .  
Thus , for ins t ance ,  the re  a r e  tw enty separ a t e  e ffect s ( 4  
c a t e gor i e s  t im e s  5 c a t egor i e s )  for the int e r a c t ions o f  a g e  end 
occup a t i on .  
25 . Tab l e  5 showed weak but s i gnif icant Chi- Sc1ue r e s  be tween M and A,  
M and S ,  and M and 0, t aken two a t  a time . But s i nce the 
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inde pende nt v a r i ab l e s  were r e l a t e d  t o  e ach other, table 5 
di st ort s the actual na tur e of the causal  re l at i onship s .  Tab l e  
1 0 ,  b y  control l ing e ach o f  the b iv ar i at e  r e l a t i ons  f or the 
e f f e c t s  of the other variabl e s ,  g iv e s  a more accur a t e  pi ctur e  of 
the a ct ual  e f f ect s of S ,  A, and 0 on M. 
26 . No summary s t a t i s t ic b a se d  on the idea of "propor t i onate 
reduc t i on in  e rrors" ( PRE) c an be c a l cul ated f or l o g- l ine a r  
mode l s ,  for a l l  e st ima t i on a l go r i thms a lway s f i t  the marg inal 
rel a t i ng t o  the depe ndent v ar i a b l e  exa c t l y .  Summery mea sur e s  
ba s e d  o n  the PRE concept cal cul ate  the ·numb e r  o f  error s one would 
m ake in  put t ing subj e c t s  into e a ch c l a s s  of the dependent 
var i ab l e ,  For exampl e ,  if 1113 p e op l e  in  the B o s t on sub-samp l e  
i n  1 880 were found end 611 were not f ound i n  1 890 , then the be s t  
way for e n  analyst who knew n o  more about the peopl e to  gue s s  
which group e ach w a s  i n  woul d b e  t o  put everyone int o the " found" 
cate gory . He woul d therefore gue s s  wrong 611 I 1724 = 3 5 .4% of 
the t im e .  PRE m e a sure s  ere  b a s e d  on gauging how much b e t t e r  the 
analy st  woul d do if he had i nf orm a t i on about , say , the subj ec t s '  
age s ,  occup a t i on s ,  e t c ,  But s i nce the int ernal cel l e s t im a t e s in  
l og-l ine ar mode l s  ere  obt a i ne d by us ing i nf orm a t i on about the 
marg ina l  cel l s  -- for instance the e s t imate  of the percentage of 
teenagers  f ound is b a se d  on know ing the percentage of al l age-
group s f ound the marginal s w il l  always be f i t  a s  cl osely e s  
one d e s i r e s .  As  e conseque nc e ,  PRE me a sur e s  cannot b e  de f ine d 
for l og- l ine ar mode l s .  
5 2  
2 7 . It  i s  al so po s s i b l e  to  ca l cul ate  s t anda rdized  c e l l  res idua l s  --
i . e . , to sub t r ac t  the actual ce l l  entr i e s  in Tabl e  1 from those 
e s t im a t e d  u s i ng a p a r t icul ar mode l ,  and then to  d iv ide them by 
some m e a sure of the i r  v ar i ance -- in orde r to a s s e s s  which c e l l s  
2 8 .  
f i t  part icul arly poor ly,  or t o  put i t  i n  more sub s t ant iv e t e rm s ,  
which comb ina t i on s  o f  the indepe nde nt v a r i ab l e s  d o  not p r e d i c t  
t h e  de pende nt variable  wel l ,  Space  l im i t a t i on s  prevent us  from 
de scrib ing the procedure mor e  ful ly , but s e e ,  e . g . , Bi shop, 
Fienb e r g ,  and Hol l and, D i s c r e t e  Mu l t ivariate  Analys i s ,  1 3 6-5 5 . 
See ib id, , 1 2 4-13 0 ,  x2 i s  a s sympt o t i c a l ly -- i . e . , for v ery L 
large s amp l e s  -- d i s t r ibut e d  a s  x2 . The pa r t i t i oning procedure 
i s  b a s e d  on the handy and wel l-known f ac t  that  the sum of two 
independent x2 var i a t e s  a l so f ol l ow s  the x2 d i str ibut i on .
2 9 . Thi s  m e thod of te st ing i s  actual ly a l ike l ihood r a t i o  t e s t ,  Dy 
cont r a s t ing the f it of a given mode l w i th the obs e rved 
2 frequenc i e s  or propo r t i on s ,  11. in e ffect  comp a r e s  the f i t  of som e
g iven model w i th tha t  o f  the sa tur a ted mode l ,  s i nce  the sa tur a t e d  
mode l f i t s  t h e  ob s e rved d a t a  exactly . For th i s  and a se r i e s  of 
other t e s t s  of goodne s s  of f i t  in wha t are of t e n  r e f erred to in 
the e conomics  l i t e ra tur e as " quanta! choice" method s ,  see  Take shi 
Amem iya, "Qua l i ta t iv e  Response Mode l s , "  1 502-1 507 . 
3 0 .  Since ev ery comp a r i son of an accept ab l e  w i th a n  una ccept ab l e 
53 
mode l -- i . e . , b e tw e e n  any of Mode l s  1 8-3 0 with any of Mode l s  
1-17 which are  ne s t e d  i n  them wil l show a s i gn i f icant 
d i f f erenc e ,  we of fer only two of them ( t e s t s  17 and 1 8 ) . Those 
t e s t s  are i nc l uded in ord e r  to a l l ow us to a s s e s s  the importance 
of the t e rm s  {AO} a nd {AS } • 
3 1 ,  In l og i t ,  a s  i n  the usual mul t ip l e  regre s s i on, al l po s s ib l e  
r e l a t i onships be tween independent v a r i ab l e s  mus t be al l owed for , 
but analyst s do not usual ly pay much a t t e nt i on to them . In this  
c a s e , { ASO} woul d appe a r  in  ev ery l og i t  mode l ,  Tha t  the  analy st  
i s  not so const r a i ne d  in  l og-l ine a r  analy s i s  s e ems  t o  us  a n  
advantage . 
3 2 .  Ac t ual ly,  we tried  a l l  f iv e  of the mode l s  f ormed by el imina t i ng 
one two-var i a b l e  t e rm at a time from model 3 4 ,  a s  w e l l  a s  a l l  t e n  
of the mode l s  form e d  b y  e l imina t ing t w o  t e rm s  a t  a t i m e ,  Al l 
fail  the t e s t s  against  mode l 3 4  by l arger marg i ns than do 3 5-3 7 . 
3 3 . Therns t r om ,  Other Bos ton ians,  Tabl e  3 , 3 ,  p .  40 . 
3 4 .  Ibid . , 42 , 23 1-3 2 .  
3 5 .  In h i s  "Foun d :  Fifty Mil l ion Mi s s i ng Amer icans , "  Jensen h a s  
sugge s t e d  that  l ow mea sur ed r a t e s  of per s i s t e nce were  to  a l arge 
d e g r e e  a r t i f a c t s  of the sl oppine s s  of census take r s ,  the 
empl oy e e s  of c i ty di r e c t ory compani e s ,  and t r anscr iber s .  
3 6 . Therns t r om doe s  not spe c i f ic a l ly t r e a t  the conne c t i on b e tween age 
5 4  
and s o c i a l  mob i l ity ,  a l though h e  doe s  " control for" age , i n  a 
f a sh i on ,  by conf ining some of h i s  t ab l e s  to men b e tw e e n  20 and 
3 9 .  Se e ,  e , g , , Other Bo s t on i an s ,  t ab l e  4 . 3 ,  p ,  5 3 . Some of h i s  
t ab l e s  e . g . , t ab l e s  4 . 6 and 4 . 7 o n  pp . 6 0 , 6 1  -- imply tha t  
peopl e d i d  move up the occup a t i onal l adder ov er time from 1 880 to  
1 900 . 
3 7 .  For a r ev iew of the "human capi t a l "  and other econom ic a pproa ch e s  
to  the top i c  of geogr aph ic mob il i ty ,  s e e  Michael J .  Gre enwood , 
"Re s e a rch on Inte rnal Migra t i on in the Uni t e d  S t a te s :  A Survey , "  
Journal of Econom ic L i terature,  13 ( 1 97 5 ) , 3 97-43 3 , e sp e c i a l ly 
pp , 406-40 8 .  On human capi t a l , the (neo ) c l n s s i c s t ar t i ng point 
i s ,  of cour se ,  Gary S .  Becke r,  Human Cap i t a l ,  2 nd e d .  ( Chicago : 
Univ e r s i ty of Ch icago Pre s s ,  1 97 5 ) , 
3 8 .  Using n a t i on a l  f igur e s  on age- spe c i f ic mor t a l i ty ,  we ran analy s e s  
in  every respe ct paral l e l  to  those pre sented herein,  e l imina t ing 
the e st imated proport i on of men of each age who coul d be e xp e c t e d  
to  have d i e d  in  t h e  de cade , Unfortun a t e l y ,  w e  know of no 
occup a t i on- spe c i f ic e s t imate s ,  but if they were ava i l ab l e ,  they 
coul d hardly h e l p  str engthening tho gene r al point s m ade in  the 
text . The paral l e l  ana lyse s l ead  t o  the s ame  model choice and so 
gene r al ly track the argument as to  mnke the i r  present a t i on 
ne edl e s s , 
3 9 ,  Othe r Boston i a n s ,  2 5 8 . 
5 5  
40 , There  a r e  a g r e a t  many il l u s t r a t i on s  of appl ica t i on s  of l og­
l ine nr and r e l ated m ethods in  the econom i c s  l i terat ur e  l i s t e d  and 
c i te d  in  Amem iya ,  "Qual i t a t i v e  Re spon se Mode l s , " 1 4 83-1 4 84 . For 
an interest ing hi s t o r i c a l  examp l e  of the use of log-l ine ar 
te chnique s t o  evalua t e  the v a l idity of mortal ity s t a t i st i c s , 
us ing a captur e-re captur e  mode l , see  Sheryl B .  Dow, "The 
Mor t a l i ty Rat e  in Norf o l k ,  Virginia,  in 1 87 0 :  A New Approach to  
the Appl ica t i on of the  Captur e-Rec aptur e  Me thod" ( unpub , paper, 
Harv ard Univ e r s i ty ,  1 981 ) , The prob l em of the degree to  which 
occup a t i onal mob i l i ty i s  a produc t m e r e ly of a sh i f t  in the m ix 
of j ob s  m igh t a l so be approached by concentr a t i ng a t tent i on on 
the r e l evant s i ng l e- le t t e r  term s in the sor t s  of mode l s  d i s c u s s e d  
in  our paper .  In f a c t ,  the r ange of appl ica t i ons  s e em s  l im i t e d  
more by analy s t s '  ima g i na t i on s  than b y  d a t a  or comput e r  
av n i l  a b  i 1  i ty .  
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TABLE l TABLE 2 
NUMBER OF HALES PERS ISTING , 1 8 80-1 890 , PERCENT FOUND , 1 880 AND 1 890 
BY AGE ,  FAMILY STATUS , AND OCCUPATION 
Occupa t ion 
Age Iii .  w.  Lo . W. SK . UNSK . UNEMP . TOTAL 
Age H i . W .  Lo . w. S K .  UNSK.  UNEHP . TOTAL 
No Children 
Panel A :  S ingle or Married Wi thout Children, Per s i s t en t  
1 4-20 l 51 21 57 1 06 23 6 1 4-20 50 65 66 6 1  7 0  6 6  
2 1 -3 0  13  7 2  50 54 17 206 21-30 5 9  6 7  57 47 6 5  5 8  
3 1 -6 0  7 1 2  1 1  1 3  l 44 3 1 -6 0  7 8  92 52 54 50 64 
6 1 +  l l 0 0 0 2 6 1 +  1 0 0  1 00 0 50 
TOTAL 22 136 82 1 24 1 24 4 8 8  TOTAL 6 5  6 8  5 9  53 6 8  6 2  
Panel B :  S ingl e  or  Marr ied Without Children, No t Found in 1 890 
1 4-20 l 28  1 1  3 7  46 1 23 
2 1 -30 9 36 37 6 1  9 1 5 2  Children 
3 1 -60 2 l 1 0  1 1  l 25 
6 1 +  0 0 0 0 2 2 
1 4-20 
TOTAL 1 2  6 5  5 8  1 09 5 8  302  21-30 50 73 61 66 5 0  6 5  
3 1 -60 76  7 0  7 1  6 2  86 6 9  
Panel C :  Married with Children, Per s i s t ent  6 1 +  53 50 17 53 1 7  4 4  
14-20 0 0 0 0 0 0 TOTAL 73  6 9  6 9  6 2  5 3  67  
21 -30 2 16 22 33 l 7 4  
3 1 -6 0  94 9 8  1 6  8 1 6 2  6 5 2 8  
6 1 +  9 3 l 9 l 23 
TOTAL 1 0 5  1 1 7  1 91 204 8 625  
Panel  D :  Marr ied With Chi ldren, Not Found in 1 890  
14-20 0 0 0 0 0 0 
2 1 -30 2 6 1 4  17 l 40 
3 1 -60 29 43 6 8  9 9  1 240 
6 1 +  8 3 5 8 5 29  
TOTAL 3 9  52 87 1 24 7 309 
*The o c cupa t ional categories are high whi t e c o l l a r ,  l ow whi t e  c o l l a r ,
ski l led , unski l l ed , and unemp loyed . The c l a s s if icat ion of occup a t ion 
into categories was done by Thern s trom. 
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TABLE 3 TABLE 4 
PERCENT OF TOTAL SAMPLE PERCENT OF TOTAL SAMPLE SUMMED ACROS S COLUMNS 
( FOUND PLUS NOT FOUND) SUMMED ACROSS ROWS 
Oc cuQat ion 
Age Hi . W. L o . W. SK.  UNSK . UNEMP . TOTAL 
Age Hi . W. Lo.  W. SK.  UNS K .  UNEMP . TOTAL 
Panel A :  No C h i ldren 
Pane l A :  No C h i ldren 
14-20 O* 22 9 26 42 1 0 0  
2 1 -3 0  6 30 24 3 2  7 1 00 14-20 6 3 9  23 40 84 45 
3 1-6 0 13  19  3 0  3 5  1 00 2 1 -3 0  6 5  54 6 2  4 9  1 4  45 
6 1 +  25 25 so 1 0 0  3 1 -6 0  26 6 1 5  1 0  l 9 
6 1 +  3 O* 1 
Al l Age s  4 25 1 8  29  23 1 0 0  
TOTAL 1 0 0  1 0 0  1 00 1 00 1 00 1 00 
Panel B :  Chi ldren 
Pane l B :  Chi l d ren 
1 4-20 
2 1 -3 0  4 1 9  3 2  4 4  2 1 00 14-20 
3 1 -6 0 16  1 8  3 1  3 4  1 1 00 2 1 -30 3 13 13 1 5  1 3  1 2  
6 1 +  33 12 1 2  3 3  1 2  1 00 3 1 -6 0  85 83 85 80 47 82 
6 1 +  1 2  4 2 5 40 6 
A l l  Ages 1 5  1 8  3 0  3 5  2 1 00 
TOTAL 1 0 0  1 00 1 00 1 0 0  1 00 1 0 0  
* 0 ind ic a t e s  l e s s  than 0 . 5% .  -- ind icates  no c a s e s  in  ce l l .
* 0 ind i ca t e s  l e s s  than 0 , 5% .  -- ind icates no c a s e s  in c e l l .
Found 
Not Found 
TOTAL 
Found 
Not Found 
TOTAL 
Found 
Not Found 
TOTAL 
TABLE 5 
S IX TWO-WAY MARGINAL TABLES BASED ON TABLE l 
Panel A :  Oc cu2a t ion and Pers i s tence 
Hi.  W. Lo. W. SK. UNSK. 
1 27 (  71 . 3 ) *  253 (6  8 . 4 )  27 3 ( 6 5  . 3 )  3 2 8( 5 8 .  5 )  
51 1 17 145 23 3 
17 8( 100 . 0 )  370  41 8 561  
2 1 5 . 66 x 
Pane l B :  Age and Pers i s t ence 
1 4-20 21-30 3 1 -60 6 1 +  
23 6 (  65 . 7 )  2 80( 5 9 . 3 )  5 7  2( 6 8 . 3 )  25(44 . 6 )  
1 23 1 92 26 5 3 1  
3 5 9 ( 1 00 . 0) 47 2 837 56 
x
2 20 . 81 
Panel C :  Fami ly S t atus  and P e r s i s t ence 
No Chil dren Chi l dren To t a l  
4 88( 6 1 .  8 )  6 2 5 ( 66 . 9 )  1 1 1 3  ( 64 . 6 )  
3 0 2  3 0 9  6 1 1  
7 9 0 ( 1 00 . 0 )  934 1 7 24 
2 4 . 9 5 x 
5 
UNEHP. 
1 3 2 ( 6 7  .O) 
65 
1 97 
6 
Pane l D :  Occu2a t ion and Age 
Age H i . W .  Lo . W. S K ,  UNSK.  UNEMP . TOTAL 
1 4-20 2( 1 . 1 )  7 9 ( 21 . 4 )  3 2 (  7 . 7 )  94( 16 . 8) 1 5 2( 7 7 . 2) 3 5 9  
21-30 26 ( 1 4 . 6 )  130( 35 . 1 )  1 23 ( 29 .4 )  1 6 5 (  29 . 4 )  2 8( 1 4 . 2 )  47 2 
3 1 -60 1 3 2 ( 7 4 .  2 )  1 5 4 ( 41 . 6 )  25 7 ( 6 1 . 5 )  2 85 ( 5 0 .  8) 9( 4 . 6 )  837 
6 1 +  1 8( 1 0 . 1 )  7 (  1 . 9 )  6 (  1 . 4 )  17 ( 3 . 0 )  8( 4 . 1 )  56 
TOTAL 17 8( 1 00 .  0 )  3 7 0  41 8 56 1 1 97 
2 5 5 9 . 2 1  x 
Pan e l  E :  Age and Fami ly S t a tus 
1 4- 20 21 -30 3 1 -6 0  6 1 +  
No Ch i l dren 3 5 9 ( 1 00 . 0 )  3 5 8( 7 5 .  8) 6 9 ( 8 . 2) 4 ( 7  . 1 )  
Ch i l dren 0 1 1 4  76  8 5 2  
TOTAL 3 5 9 ( 1 00 . 0 )  47 2 837 56 
x 
2 
= 
1 1 05. 7 2  
Panel  F :  OccuQat ion and Fami ly S t a t u s  
H i . W. Lo . W, S K ,  UNSK. UNEMP . 
No Chil dren 3 4 ( 1 9 . l )  201 ( 54 . 3 ) 1 40 ( 33 . 5 )  23 3 ( 41 . 5 ) 1 82( 9 2 . 4 )  
Ch i l dr en 1 44 1 6 9  27 8 3 2 8  1 5  
TO TAI, 17 8( 100 . 0 )  370  41 8 56 1 1 97 
2 263 . 7 7  x 
* Percentag e s ,  s unnned by column, in parenthe s i s . 
1 4-20 
21 -30 
3 1 -6 0  
6 1 +  
TOTAL 
14-20 
21 -30 
3 1 -6 0  
6 1 +  
TOTAL 
TABLE 6 
ODDS OF BEING FOUND , 1 880 AND 1 890 ( X  1 0 0 )  
H i . W. 
so 
144 
3 SO 
1 83
so 
3 24 
1 1 3  
26 9 
Lo . W. SK , UNSK . 
P ane l A :  No Chi ldren 
1 82 
200 
1 200 
209 
26 7 
2 2 8  
so 
22S 
1 91 
l J S  
l l O 
1 4 1  
Pane l B :  
1 S 7  
247 
20 
2 20 
1 S4 
89 
l 1 8  
l l 4  
Ch i ld ren 
1 94 
164 
1 13 
1 6 S  
UNEMP . 
230 
1 89 
so 
214 
so 
600 
20 
1 14 
7 
TOTAL 
1 87 
1 3 6  
1 7 6  
s o  
16  2 
l 8S 
220 
7 9  
20 2 
Found 
Not Found 
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TABLE 7 
PANEL C OF TABLE S EXPRES SED AS PROPORTIONS 
No Ch i l dren Ch il dren 
P1 1 =2 8 . 3 P1 2=36 , 3 Pl +=64 . 6
P21 = 17 . S P22=17 . 9 P2+
=3 S . 4  
P+l =4S . 8 p +2=S4 . 2 P++=lOO 
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TABLE 8 
A HYPOTHETICAL EXAMPLE OF CONDITIONAL INDEPENDENCE 
Pane l A :  Apparent Bivariate Re l a t ions h ip 
Var iab l e  A 
Var iable B Lev e l  l Lev e l  2 
Leve 1 l 3 5% 1 0% 
Lev e l  2 1 5% 40% 
Pan e l  B :  Var iab l e s  A and B Cond i t iona l ly Independent , Given Var ia b l e  C 
Variable C , Leve l  l Var iab l e  C , Leve l 2 
Variable A Var iab l e  A 
Variable B Lev e l  l Lev e l  2 Lev e l  l Lev e l  2 
Lev e l  l 3 5% 3 5% 20% 20% 
Lev e l  2 1 5% 15% 3 0% 3 0% 
Row # 
l .
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8. 
9 .  
1 0 .  
1 1 .  
1 2 .  
13 . 
l '• ·  
1 5 .  
1 6 .  
1 7 .  
1 8 . 
1 9 .  
20 . 
21 . 
2 2 .  
23 . 
24 . 
2 5 .  
26 . 
27 . 
2 8. 
29 . 
3 0 .  
3 1 . 
3 2 .  
1 0  
TABLE 9 
STANDARDIZED LMIBDAS FOR SATURATED MODEL FOR DATA IN TABLE l 
Effect of 
Variab l e ( s )  
n 
M 
A 
0 
MA 
AS 
so 
AO 
AS O 
Level of Var iab l e  
1 ( 14-20) 3 
2( 21-30) 
3 ( 3 1 -6 0 )  
4 ( 6 1 +) 
l ( Hi . W. ) 
4 ( UNSK . ) 
5 ( UN�MP , )
3 ( A\ 
l (A)  
2 
3 
4 
1 ( 0 ) 4 
5 
l (A )  
l 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
l (A )  
2 
3 
1 (0 ) 5 
5 
l 
3 
4 
5 
l 
3 
4 
5 
l 
3 
5 
1 ( 0 ) 5 
l 
2 
S t anda r d ized 
Lambda 
l 1 . 7 80
2 1 .  874 
-3 . 43 5  
8.  2 57 
8 . 3 9 1  
-6 . 6 56 
-2 . 6 57 
3 .  7 93 
-3 . 44 5  
2 . 3 0 8  
9 . 16 8 
5 . 3 5 1  
- 1 0 . 801 
-6 . 1 3 4  
-2 . 3 95 
2 . 9 7 4  
-2 . 0 80  
3 . 4 2 9  
- 2 . 253 
2 . 33 4  
l .  8 87 
-2 . 1 3 4  
2 . 201  
3 . 0 2 8  
l .  85 2 
-4 . 6  81 
2 . 6 5 0  
-1 . 7 95 
1 . 7 24 
-2 . 1 95 
2 . 0 5 5  
-1 . 82 8 
No t e s : l .  There is no s tandard devia t ion for n , Thi s  i s  the 
unstandardized effec t ,  
2 .  Only s t anda r d i zed l ambda s  abov e 1 . 6 4  in abs o l u t e  v a l ue 
are l i s t ed in the t ab l e .  
3 .  Defini t ions of age and occupat ion c a t egories i n  parenthes i s .  
1 1  
4 .  For 2 v a r iable interact ion s ,  the l ev e l s  l i s te d  are for the 
variable in pa renthe s i s .  The other var iable in the MA , AS , 
and SO intera c t ions is a t  l ev e l  one ( found in the c a s e  o f  
M ,  and n o  ch i l dr en i n  t h e  case o f  S ) ,  
5 .  I n  t h e  A O  and ASO intera c t ions t h e  l ev e l s  are of the 
variables in  parenthe s i s  on their r igh t ,  
Model # 
1 .
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8.  
9 .  
1 0 .  
1 1 .  
1 2 .  
13 . 
1 4 .  
1 5 .  
16 . 
17 . 
Pane l B :  
1 8. 
1 9 .  
20 . 
21 . 
2 2 .  
23 .  
24.  
25 . 
26 . 
TABLE 1 0  
CHI-SQUARE VALUES FOR MODELS BASED ON TABLE l 
Marg ins Fit  
Panel  A :  P a lpa b ly Unsui t ab le Mode l s  
Equiprobabil i t y  3 1 3 4  
{M} 29 89 
{M } {A}  21 80 
{M} {A} {S } 2 1 6 8  
{M } {A} {S } {O }  1 87 2 
{MA} {MS } 2142 
{MA} {MS } {MO } 1 83 2  
{MSO} {A} 1 566 
{MAO } 1340 
{MAO} {S } 1 3 29 
{MSO} {AO } 1 0 7 0  
{MAO} {SO} 1049 
{MAS } 857 
{MAS } {O }  561  
{MAS } {MO } 546 
{MSO} {AS } 279  
{MAS } {MSO} 260 
1 2  
Degrees of 
Freedom 
7 9  
7 8  
7 5  
7 4  
7 0  
7 0  
6 2  
5 7  
40 
3 9  
45 
3 5  
6 4  
60 
56 
54  
48  
S t a t i s t ic a l ly S ignifican t ,  But Eas i ly Re je c t ed Mod e l s  
{MASO }  o . o 0 
{MAS } {MAO } {ASO} {MSO}  6 . 53 1 2  
{HAS } {MAO } {ASO} 1 0 . 26 16  
{MAS } {MAO} {MSO} 16  . 1 2  24 
{MAS } {AO } 6 4 . 5 4  4 8  
{l!AS } {AO} {SO} 47 . 5 9  44 
{HSO} {AS } {AO } 45 . 6 7  4 2  
{MAO } {AS } 41 . 44 36 
{MAS } {ASO} 3 8. 1 2  3 2  
2 7 . 
2 8 .  
29 . 
3 0 .  
3 1 .  
3 2 .  
33 . 
3 4 . 
3 5 .  
36 . 
3 7 . 
P an e l  C :  F inal  Contenders 
{MAS } {NAO } 
{MAS } {MSO} {AO} 
{MAo } {As } {so}  
{MAS } {ASO }MO} 
{AS O } {MA } {MO } 
{AS O } {MA} {MO } {MS } 
{AS } {AO } { S O }  {MA} {MO } {MS } 
{AS } {AO } {SO } {MA} {MO} 
{AS } {Ao } {so} {MA } 
{AS } {AO} {SO} {MO } 
{AS } {AO } {MA} {MO } 
3 8 . 0 8  
2 9  . 0 8  
24 . 4 9  
21 . 6 9  
25 . 92 
23 . 21 
3 2 . 7 0  
3 5 . 3 9  
5 0 . 95 
57 . 3 4  
5 2 . 3 4  
3 2  
3 6  
3 2  
2 8  
3 2  
31 
43 
44 
4 8  
47 
4 8  
1 3  
Test it 
1 .
2 .  
3 .  
4 .  
5 .  
6 .
7 .  
8 .  
9 .  
1 0 .  
1 1 .  
1 2 .  
1 3 .  
1 4 .  
1 5 .  
1 6 . 
17 . 
1 8. 
1 9 .  
20 . 
21 . 
2 2 .  
23 . 
24 . 
2 5 .  
26 . 
27 . 
28.  
Note : 
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TABLE 11  
ASSESSING THE EFFECT OF TERMS IN MODELS FROM TABLE 1 0  
Dif ference In 
Degrees 
Mode l  #' s Terms Differ ence of Preferred 
(From Tab l e  1 0 )  A s s e s sed Freedom Mod e l  
Pan e l  A :  Narrowing Down AcceQtab le Mod e l s  
1 8 , 1 9  {MASO }  6 . 53 1 2  1 9  
1 9 , 20 {MS O }  3 . 7 3  4 20 
20 , 3 0  {MAO } 1 1 . 43 1 2  30  
20 , 29 {MAS } {ASO }  1 8. 82 20 29 
21 , 28 {MAO} 1 2 . 96 1 2  2 8  
2 1 , 27 {MSO}  21 . 96 8 27 
26 ' 23 {ASO} 9 . 47 1 2  23 
20 , 29 {MAS } {ASO}  1 4 . 23 16  29 
27 , 25 {MAS } 3 , 36 4 25 
20 , 26 {MAO } {MO} 27 . 86* 16  20 
29 , 25 {SO} 16 . 96* 4 29 
2 8 , 24 {MAS } 16 . 5 9* 6 2 8  
23 , 22 {SO} 16 . 9 5* 4 23 
2 8 , 23 {MS O }  1 8. 5 1  * 8 2 8  
30 , 26 {MO} 16 .43* 4 30  
3 0 , 22 {AS O } {MO}  42.  85 * 20 3 0  
2 8 ,  1 7  {AO} 23 1 .  O* 1 2  2 8  
2 9  , 1 2  {AS } 1 025 . 0* 3 29 
P ane l B :  Choos ing The Bes t  Mode l  
2 8 , 3 3  {MAS } {MSO} 3 . 6 2  7 33 
30 , 33 {MAS } {ASO} 1 1 . 0 1  1 5  3 3  
3 0 , 3 1  {MAS } 4 . 23 4 3 1  
29 , 3 4  {MAO} 1 0 . 90 1 2  34  
31  ,34  {ASO}  9 . 47 1 2  3 4  
3 2 ,33 {ASO} 9 . 49 1 2  33 
3 3 , 3 4  {MS } 2 . 6 9  l 34 
3 4 , 3 5  {MO } 1 5 . 56* 4 34  
3 4 , 3 6 {MA }  21 . 95* 3 34 
34 , 37 {SO} 16 . 95* 4 3 4  
* ind i c a t e s  a signif icant dif ference in the
Chi-Squar e s  a t  the 0 . 05 leve 1 .
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TABLE 1 2  
PERCENTAGE REDUCTION IN x2 L DUE TO PARTICULAR TERMS
Test ff Mode l if ' s  % Reduc t ion 
(From Tab le 1 1 ) (From Table 1 0 )  Terms A s s e s sed In X2 
L 
Variab l e  
1 0 .  20 , 26 {MAO} {MO } 73 . l  
1 1 .  29 , 25 { S O }  40 . 9  
1 2 .  2 8 , 24 {HAS } 36 . 3  
1 3 . 23 , 22 { S O }  2 6  . 3  E t a  
1 4 .  2 8 , 23 {MS O }  3 8 .  9 M 
1 5 .  3 0 , 26 {MO } 43 . 1  A 
16 . 3 0 , 22 {ASO} {MO} 66 . 4  
1 7 . 2 8 , 1 7  {AO } 88. 8 
5 .  21 , 2 8 {MAO} 44 . 6  
7 . 26 , 23 {AS O }  1 9 . 9  s 
9 .  27 , 25 {MAS } 8 . 1  0 
1 8. 29 ' 1 2  {AS } 97 . 7 
21 . 3 0 , 3 1  {MAS } 1 6 . 3  
2 2 .  29 , 3 4  {MAO } 3 0 .  7 
25 . 3 3 , 34 {MS } 7 . 6 
26 . 3 4 , 3 5  {MO} 3 0 . 5  
27 . 34 ,36 {MA} 3 8 . 3  
2 8 .  3 4 , 3 7 { S O }  3 2 . 4  P an e l  B :  
MA 
MO 
AS 
so 
1 6  
TABLE 1 3  
LAMBDA O R  EFFECTS COEFFICIENTS FOR MODEL 3 4  O F  TABLE 1 0  
Lev e l  Lambda 
S tandard 
Error 
Panel A :  S ingl e- Var iab l e  or  Unequa l  Margina l Effects  
1 1 . 76 5  1 
Found 0 . 225* 0 . 1 26 
( 1 4-20)  -0 . 840* 0 . 3 3 8  
( 21 -3 0 ) 0 . 909* 0 . 1 40 
( 31-60)  0.  9 81 * 0 , 1 43 
( 6 1  +) -1 . 0 50* 0 . 1 89 
No Kids  0 . 1 92 0 . 1 26 
( H i .  W . ) -0 . 6  87* 0 . 41 0  
( Lo . W, ) 0 . 3 07 0 . 1 87 
( Sk , )  0 . 1 90 0 . 21 1  
( Unsk. ) o .  7 7 9* 0 . 1 6 5  
( Unemp . )  -0 . 5 88* 0 . 205 
Interac t ions of IndeJ:!endent Variables  W i t h  DeJ:!endent Var iab les  
( 1 4-20)  0 . 1 1 0  0 . 3 3 8  
( 21-3 0 )  0 . 004 0 . 1 40 
( 3 1 -6 0 )  0 . 1 97** 0 . 1 43 
( 6 1 +) -0 . 3 1 1 ** 0 . 1 89 
H i . W.  0 . 1 06 0 . 41 0  
Lo, W, 0 . 056 0 . 1 87 
S k ,  -0 . 036 0 .  21 1 
Unsk.  -0 . 1 6 4  0 . 1 6 5  
Unemp . 0 . 03 8  0 . 20 5  
Pane l C :  Intera c t ions Among IndeJ:!endent Var iab les 
No K id s ,  1 4-20 1 .  894* 0 . 3 3 8  
No K ids , 21-30 0 . 465* 0 . 1 40 
No K id s ,  3 1 -6 0  -1 . 244* 0 . 143 
No Kid s ,  6 1 +  -l . l l 5 *  0 . 1 89 
No K id s ,  Hi . W, -0 . 1 41 0 . 41 0 
No Kids , Lo . W. 0 . 0 3 7  0 . 1 87 
No Kid s ,  Sk.  -0  . 1 87 0 .  21 1 
AO 
No tes : 1 
No K i d s , Unsk,  
No K id s ,  Unemp . 
1 4-20,  H i . W. 
21-3 0 ,  Hi . W. 
3 1 -60 , Hi . W. 
6 1 + ,  Hi . W. 
1 4-20 , L o . W. 
21-3 0 ,  Lo . W. 
3 1 -60 , Lo . W .  
6 1 + ,  Lo . W. 
1 4-20 , S k .  
21-3 0 , S k .  
3 1 -60 , S k .  
6 1 + ,  Sk.  
1 4-20 , Uns k ,  
21 -3 0 ,  Unsk.  
3 1 -6 0 ,  Uns k .  
6 1 + ,  Unsk. 
1 4-20 , Unemp . 
21-3 0 ,  Unemp . 
3 1 -60 , Unemp . 
6 1 + ,  Unemp . 
-0 . 1 97 
0 . 4 88* 
-1 . 6 06** 
-0 . 2 24 
0 . 7 3 1 * 
1 . 0 9 8* 
0 . 255 
0 . 251  
0 . 055  
-0 . 5 6 1 ** 
-0 . 24 8  
0 . 453* 
0 . 53 5* 
-0 . 7 3 9* 
0 . 2 40 
0 . 1 7 4  
0 . 0 80  
-0 . 4 94** 
1 . 3 5 8* 
-0 . 6 54* 
-1 . 40 1 *  
0 . 6 96 *  
0 . 165 
0 . 205 
1 . 1 92 
0 . 433 
0 . 427 
0 . 4 7 7  
0 . 459 
0 . 207 
0 , 214  
0 . 3 50 
0 , 50 5  
0 . 2 26 
o .  23 2 
0 . 4 1 5  
0 . 403 
0 . 1 82 
0 . 1 89 
0 . 309  
0 . 4 8 8  
0 . 2 80 
-4 . 6 1 4  
0 . 3 13 
The constant or grand mean effect  h a s  nei ther categories 
nor a s t andar d  error a s s o c i a ted w i th i t .  
* Des igna t e s  lambdas which are s t a t i s t i ca l ly s ignificant a t
the 0 ,  05 level . 
** Designa t e s  lambdas which are s t a t i s t i ca l ly s ignificant a t  
t h e  0 . 1 0  l evel . 
1 7  
